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PREFACE

The RAND/TAC information and analysis system provides for the
collection, processing and analysis of operations, maintenance aud
supply data, using an IBM 1401 computer to assist in data purifica-
tion and in the management and evaluation of aircrait operations and
support at base level. The system is unique in that the data collected
are identified with the specific sortie (and in some instances to the
specific leg within the sortie). This allows the user to perform many
kinds of analyses not ordinarily possible, relating mission use to re-
liability, manpower and spares usage.

The system grew out of a number of special field tests (e.n.,

Rapid Roger, Skoshi Tiger, Tack Down) exploring the feasibility of
using a small business computer to assist with materiel and operations
problems at base level. In the tests prior to Combat Dragon, it was
necessary to 'create' the maintenance analysts through an extensive
educational process, Combat Dragon was unique in that Air Force per-
sonnel carried out the entire project from data collection through
final writeup with no assistance from RAND, other than the initial
training in the use of the system.

It is now possible to organize the lnose collection of notes, pro-
cedures and programs into a formal system description. Accordingly, this
RAND effort comprises four Memorandums containing essentially the package
of materials used in training the Combat Dragon tcam. The information
is organized as follows: Volume I (RM-5666-PR) is for data coliectors
and editors responsible for providing the data bank to be used in sub-
sequent analyses; Volumes II (RM-5667-PR) and [II (RM-5668-PR) are for
analysts (especially people who will be doing maintenance analysis) to
familiarize them with the available programs and analysis products, and
to encourage them to ask questions and explore the data in an imaginative
way; and Volume IV (RM-5669-PR) is for the "data services branch" of the
evaluation or analysis team, to identify procedures and to impart an
understanding of what the analyst is attempting to do,

Surprisingly, even though the system is entirely computerized,

readers need not have a knowledge of computer hardware and software to
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follow the text., A knowledge of the details of aircraft weapon sys-
tems would be useful, for although we describe such operations, the
duscriptions are somewhat cursory. In particular, a familiarity with
aivcraft muintenance procedures would be useful,

Tihe concepts, techniques and programs of the RAND/TAC information
and snalysis system should be adaptable to future Air Force base-level
management infermation systems, whether manual or highly mech-nized.
Piovided that the appropriate computer is available, the RAND/TAC sys-
tem vsn easily be introduced at a bizse and used without modification
for field tests or other purposes. Recent changes in a number of
standard Aitr Force forms and in data linkages, however, may make them
preferable to the RAND/TAC forms for a particrlar base exercise,

With modest changes to current Air Force data collection procedures
and reprogramming of the analysis packages, the system would provide a
valuable supplement to current base analysis reports--a supplement more
attuned to questions that are and should be asked by base maintenance
management, The system will also provide a detailed guide and check
list for “he design-development of new base-level information systems

and should provide direct input to analysis portions thereof.




SUMMARY

The RAND/TAC information and nalysis system provides for the col-
lection, processing and analysis of operations, maintenance and supply
data, using a small business computer to assist in data purification
and in the management and evaluation of aircraft operations and support
at base level. It is unique in that operaticnal and logistics viriables
are interrelated through several features of the data and analysis
systems to permit identification of operatinnal events connected with
a particular sortie and relate these to explicit maintenance or supply
actions preceding uir {uvllowing the sortie, mandgciwnl «clions, ant niy
environmertal conditions.

The system consists of a series of forms f[or collecting opera. onal
data, maintenance actions, maintenance manpower availability, aerospace
ground equipment utilization, supply demand, cannibalization and issue
data. a series of computer programs and manual procedures for editing,
reformatting and processing to provide basic displays, and other pro-
grams to provide basic analysis packages. The system is designed to
mirimize duplicative recording of data elements, and has flexible com-
puter programs to permit a wide variety of analyses.

The four volumes constituting this effort present a complete sys-
tem description, together with instructions on how to perform analyses
using the system programs. Volume I (RM-5669-PR) contains the descrip-
tion of and procedures for collecting and eciting the data--the forms,
procedures and program operating instructions. Volumes II (RM-5667-PR)
and II11 (RM-5668-PR) are concerned with the analysis programs ".u pro-
cedures, and with analysis design and methods. The first emphasizes
how the programs work, the second how questions can be answered. In a
sense both volumes are written for a career that currently does not
exist in the Air Force: the maintenance anatog of the operations analyst.
A person interested in this field should be versed n * only in maintenance
but also in data processing, computers, statistica' methods and experi-
mental design.

Each time RAND participated in a special field test, such as Com-
bat Dragon, Skoshi Tiger, anc Tack Down, it was necessary to ‘create"

the maintenance analysts by an extensive educational process. Volume




-yi-

II attempts to encapsulate the first part of that educational process.
It introduces the prospective analysts to the data bank, the programs
and the procedures —reded to process the operations, maintenanrce and
supply analysis data,

Volume III is based on thc second stage of the learning prrcess.

It as umes that the user has now mastered the elements of the program

and can focus his attention on answeriug questions., Thus it addresses
analysis fvandamentals: dependent and independent variables, data fields,
sorting, data selecting and tagging. Then it discusses a variety of
dreas of interest to maintenance management and shows how each can be
explored with the system., Finally, some of the backgreund and philosophy
of experimental design is discussed.

Volume IV (RM-5669-PR) describes the computer programs used with
the system. To encourdage a rapprociiement between the danalysts and the
programmers, we have attempted to include sufficient information for
the programmer to understand the general outlines of what the analyst

is attempting, as reflected by the functions of the computer programs.




L ey

-vii-

ACKNOWLEDGMENTS

It is imposcible to credit all those who made contributions to
the system. Hall Logan (TAC-0A) and Sergeants James Fisher and
Melvin Ericson (TAC) provided most of the maintenance procedures.
Calvin Gogerty (RAND) designed the entire supply inclusions,

Chauncey Bell (RAND) designed the ''off-equipment’ bench repair proce-
dures., Sergeant Jack Marshall and Technical Sergeant Elias Martinez

contributed to the 1401 programming, as did Mrs. Colleen Dodd of RAND.
Major John Munkvic is chiefly responsible for the operations aspects.

A special thanks is due Miss Doris Dong of RAND who did the art work.




-iXx-

CONTENTS
b
ki ¥

PREFACE .......-..---oo.-oo-co.non.-cnc.oo.--oon-toovoin‘ooooo.

iii

v

SWRY llo.no...'.......o.’lDl.l..t...llf..'v‘.l.'.....l.?.....l

ACKNOWLENMEN'I‘S ..Q.....'ll..OOCOIOIQOI.‘...I..‘.C.I'.."."‘l.' vii
xi

GLOSSARY c.-.-.uooo-o.oco--oo'c-o-o.c-ooo‘--occs.-ooooootlcoonu.

Section ;
Il INTRODUCTION ..'0..!.'.!....000!0.!...:.....‘.DQOOIO.}...!"

—

IXI. THE ANALYSIS PACKAGE ..vevvveccvnvsssnsssnscsssnccssssssoen
Recovery SeqUEeNCe ..ccceoseososresctsssaasasossssssssnns
Compute Elapsed Time (CET) ..voeveecrarsacbossaaenans
Single, First and Last (S/F/L) teeeeveveenon-canonnas
RECOMBIIE + s v e sesnnnsensessosssnsssesoassonssassnossse
Clint teuiveeeroearsosososnsesoososssasassssasonnsossnacas
The Analysis PrOBrams ..cecsiecsecsssssveasosnscsrsesscs
Recovery Summary (RECSUM) ...eieavesnscrsososorescess 18
Analysis Of Variance ....cesuiccoscssscssssnscsaaences 24
Chi-SQUATE ,..eveveecosevscsossansssasnssnsssscassnes 29
Frequency Counter (FREQ) ....cceevsennsossosnesasnees 33
Correlation MAtTiX ecespecessscensnsasassssassssscsnse 30
Deviation-Degradation (DEVDEG)..iveesssesssonsnnsesas I8
}

—
0O N NN

III. NEW DEVELOPMENTS .uouuuvesennnnennenbonnnnansesosionnaees 61
The Manpower Utilization Sequence S U O S |
Manpower Ut{1lization ....ceeonsesvssnsssccassosasanssre 4l

Manpower Available ...eeecersorcesssnanssososnseannss 42
Touchdown COUNES seeeecesessnsoasssscnssasnsnsasnnses 42
Utilization Display .e.seeesiennossossscossonesannsss U3

Manpower MatriX .veeeiesssvrsssonsccnssacsnecccnranes 45

AGE Ut1112ation ..ueeeeessecssscsassosssscassssasssases 93
"On-Equipment” Bench Repair ...eveeivieessassnsncsssnces 26

IV, 7044 PROGRAMS NOT YET 'VAILABLE FOR 1401 ..........ec00.. 58
Splattergrams ,..eeecsesccesoncsssoscossecsssnsssosasse I8
System Repeat Write-up AnalysSis ...eiesecesssccsseecssss 60
Work Unit Codes Analysis (5-Digit Summaries) ....eevee. 62
Sick Bird Analysis ...eevievevosssravocasnsscennssinsene 64
Sequential Frequency Distributions ...............%.... 66
Multivariate MethodS .ueeveecorvssasnsnsassscnsssassnas 08

V. FURTHER PROGRAMMING NEEDS (.v00scccrscnsasnsesnrsncsacssas 09
Report Generator .e.eoseeeesssecsssssosscsssssnssssness 09

Data Selecting, Tagging and Reformatting ..eecesvseeess 71
Generﬂl Purpose List €6 0B PO PELOEEEOOLEIINOOEEODIBGOORLE 7“

The Spreﬂd‘Find List o.-.--o-;o-ao-cocot--aoo.-cocl- 75
Interspersed Gang-Punch Equivalint .............?...... 75

Appendix: KEYPUNCH FORMATS AND LIST OF FORMS AVAILABLEﬁFOR
RAND/TAC SYSTEM L ieeeinivininevsrsnsnnarcosenaneas 17




Abort rate

Action taken

AGE

AGE utilization

Aircraft display

Base-line

Break-rates

Chi-: are

Code 799

Code 800

Code T

Code U

Combat Dragon

Cost-effectiveness

Daily package

Delay time

Demand rates

e i it

~The type of maintenance performed:
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GLOSSARY

The rate of aboﬁted sorties made by a unit in
a given period.. The most frequently used
equation is the following: abort rate =
sorties aborted/sorties attempted,

‘ repaired,
removed and replaced, calibrated, etc,

Aerospace ground cqufpmcnt.

A display showing both active and stuanding
flight-line utilization of AGE.

Also called flight-line display and flight-
line queue sort, Shows pictorially the
maintenance and status history of each air-
craft for a 24-hour period.

Such data are counts of the times an ecvent was
attempted, e.g., sorties flown in a certain
category.

Along with wr&tc-ups, break-rates are the major
independent variables in determining aircraft
recovery and turnaround, and are thercfore the
major dvtormincfs of sortic gencration capability,
Break-rates are determined for both aircraft

and aircraft systems. The ecquation is as

follows:; brecak-rate = system fix count/sorties

f lown.

An analysis program that makes statistical
comparisons of frequency counts to determine
whether nonrandom behavior coxists,

No defect discovered.

Removed or replaced to facilitate maintenance.
Removed forvcnnnibnlization.

Replaced after cannibalization.

An exercise with A-35A aircraft in Victnam,

An exerxcise with F-4C aivcraft at MacDill Air
Force Base.

Processing of operations, maintenance, supply
and scheduling data by means of cdit, vrror
listing, and aircraft and work center displays.,

The accumulation of work interruptions ou each
system and cach work center, by aircraft,

supply demand rates.  Most

Most frcqucnt&y,
mand rate = demand (request)/

frequently, d1

sorties flown

o

e

o



Deviation-Degradation (DEVDEG)
program

Dichotomous data

Easy data

Edit mask card

Edit program

Eight/two pocket
Eighty-eighty (80-80) listing
Error listing

ETIC

FTR declay code

Ficld location card

Flight-lince display

Frequency Counter (FREQ)
program

Gany punch

Gross fin time

Gross turnaround

Hard data

Harmonic mean

Hout Iv T requency &ocumelate

How maltunction ode
(how mal)
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A computer program. Lists and counts missions'
deviation-degradation data from the 328 forms.

Data that has only two categories: for example,
yes-no, 0-1, hit-miss, aborted-nonaborted,
malfunctioned-nonmalfunctioned.

Data collected by one person at a single col-
lection point, as opposed to tough data,

locates the decimal phase that is edited into
the data field just before printing.

Searches for and identifies errcrs, reformats
data, relieves data recorder of all possible
unnecessary burden.

Card drop pocket on the 1401.

Records are printed as they exist on the card
{(or tape) without separaticn of the fields.

An image of each card containing a computer-
detected error plus a description and location
of each error.

Estimated time to in-commission status.
Equipment temporari.y removed.

Lo 1tes low- and high-order positions of the
fields on the record,

Sce aircraft display.

Searches any field of unknown and unsorted data,
buiild: a table, and counts the frequency of
entries in the field.

To punch identical or constant information into
all of a file of cards.

Period from touchdown to end of maintenance.
Includes unscheduled maintenance only.

Period from tovchdown to end of maintenance,
includes both scheduled and unscheduled
maintenance.

Keypunched data, as opposed to soft data.

The method of computing helps minimize the effect
of unequal sample size by using the reciprocal
of n.

A program that computes the frequency counts for
resource utilizaticn for c¢ich of the 24 hours
during the day.

Describes the nature of the malfunction:; burned,

distorted, cracked, over' ated, etc,




Independent variables

XBA
K-97 report

Lag time

Man-hours

Manpower Utilization Seguence

Mission essential items

MDC
MND

Net fix time

Net turaaround

NORM

NORS

NORS-G

N/P pocket

NRTS

Observed frequency
Off-equipment tile

On-equipment bench repair
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May affect system behavior, as opposed to
dependent variables, which are the tuingsg
being affected.

Killed by air,

Deck of maintenance data forwarded to the
Logistics Command.

Period from touchdown until maintenance begins.
Hours of direct labor.

Relates personnel uiilization (direct on-
equipment labor) to sorites flown.

Manpower utilization Searches each minute
of the hour to find the
number of men working
each hour.

Manpower available Produces a summary card
showing the number of men
available for each hour of

each work center day.

Produces a card for each

day showing the number of
touchdowns for each hour

of that ilay.

Touchdown counts

Essential items for accomplishing the objective
of the sortie,

Maintenance data collection portion of AFM 066-1.
Maintenance nondeliveries.

Active fix time when work is being acccmplished,
Lags and delays are not included, refers only to
unscheduled maintenance.

Same as net fix time except it includes the
scheoduled maintenance as well.

Not operationally ready, maintenance.

Not operationally ready, supply.

Not operationally ready for supply, grounded.
Car.! drop pocket on 1401].

Not reparable this station.

Count cof successes, failurcs, aborts, etc.
MDC records of bench repair actions.

Repair done withouo item going through conven-
tional materiel control channels.




OR rate

Oxnard format

Oxnard project

Pearscn product moment
correlations

PS code

Quantitative data

Rapid Roger

Recombine program

Recovery Sequence

Recovery Summary (RECSUM)
program

SAC Full Force
Sequential Frequency
Distribution

7-cards

8-cards

-xiv-

Operationally ready rate: OR rate = houvs
ready/hours possessed.

Tlie output format of the Edit program wiwayvs
includes clock hours. Oxnard refers to the
project for which the format ‘:as designed.

An exercise with F-101 aircraft at Oxnard
Air Force Base.

Statistical measure showing the amount of
relationship between two measures,

Primary-secondary code. A column (in record
format Ms) for use as a squadron (or other)
designator,

Manhours, elapsed time. Contrasts with
frequency count data.

An exercise with F-4C aircraft in Thailand.

A special purpose program used in the Recovery
Sequence, Eliminates duplications, adds a
dummy sortie card to the end of each tail num-
ber subset and merges the sortie deck output
by Single, First and Last with the nonsortie
data output by Compute Elapsed Time.

Preprocessed edit output data. This involves
computing clapsed times, converting to Julian
Calendar, and coding the sortie data for first,
last and single sorties of the day. Requires
Col. 80=0, =2, =3 records. Involves four
programs: Compute Elapscd Time: Single, First,
and Last; Recombine; and Clint.

An analysis program, Provides a complete,
readily comprehensible summary of aircraft
recovery and turnaround in & one-page general
summary with back-up pages containing .ctail.

An exercise with B-52, B-47, rC-1.5 and KC-97
aircraft.

Summarizes and displays events across 24-hour
period,

Produced by Clint program. Aircraft recovery
records that include only the unscheduled
maintenance action and the postflights,  Alr-
craft turnaround records that include both
scheduled and unscheduled maintenance data,

Produced by Clint program, System records
that include both scheduled and unschedulod
maintenance actions.




9-cards

Sick bird analysis

Single, First and Last (S/F/L)
program

Skoshi Tiger
Soft data
Sortie length
Sparrowhawk

Splattergrams

Spread-field list

Support general codes

Supply 1050 system

System repeat write-up analysis

Tack Down

Throughput time

Tougl: data

TMS
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Produced by Clint program. Work center
records titat include the scheduled and
unscheduled maintenance actions of all work
centers.,

Determines whether individual tail numbers
show atypical write-up rates based on the
sorties flown, by obtaining the sortie and
write-up counts for each aircraft card, using
Chi-square testing for nonhomogeniety.

A special program used only in the Recovery
Sequence., Makes a single sortie card from

the pairs of sortie cards resulting when a
flight crosses midnight. The program also
determines and tags by tail number the sequence
of sorties flown each day.

An exercise with F-4C, F-5A, and F-100 aircraft
in Southeast Asia.

Data not keypunched, as opposed to hard data,
Generally verbal information.

Mcasured from takeoff to chock time (engine
shut-down) .

An exercise with F-4C, F-5A, and 4-4 aircraft
at Ep'in Air Force Base.

Displays write-ups, sortie-by-sortie, to give a
snapshot history of each aircraft. Program
computes write-up rates for each aircraft and
prints them at the end of each tail number.

Provides a listing with each field isolated
from the adjacent one by blanks. Much easier
to read than an 80-80 listing.

Scheduled maintenance codes.
The 1050 is the standard supply computer.

A repeat write-up is identical to the write-up
on the previous sortie.

An exercise with C-130 aircraft at Pope Air
Force Base.

Time it takes to get a job out of the compute:,
measured from request to delivery,

Data collected by many persons at many points,
tough to get.

Type, model and serics of aircraft,




Turnaround data

Units produced

Vector

When discovered coae

Work Center Display

Work unit codes analysis

Hrite-ups

Z-score
Z1

Zone punch
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Output that includes all maintenance actions.

A count of maintenance actions. Each job is
assigned one unit of work,

A record that describes the status of a system
at a given time,

Code showing when the malfunction is discovered:
before flight, during flight, during inspection,
etc,

Also called work center queue sort. Shows 24-
hour pictorial history of work center,

Summarizes on one page all the mcaningtul
information on form 300 records for each work
unit code.

A malfunction is "written-up,'" i.e., described.
Along with break-rates, write-ups are the major
independent variables in determining aircraft
recovery 3and turnarcund.

Score expressed in sigma units,
Zone of Interior (USA)

11-punch (-) or 12-punch (+) on card used when
punching Alpha or special characters.




I. INTRODUCTION

The philosophy behind the design of the analysis programs de-
scribed in this Memorandum involves two closely related maxims that
we follow, as far as possible:

1. Avoid special purpose programs that can process only a

single data type and produce only a specific product.

Iustead, emphasize general purpose programs; these are
format free and can be applied to a variety of problems.

2. Use a modular construction. This implies the ability
to tie together several general purpose programs with
a series of Instructions to the computer operator who
can then obtain a desired output.
The most common sequence in our anaiyses consists of four cpera-
tions (modules): select, tag, sort, process.
1. Select a subset of the data (e.g., 2-digit system recovery

data for January and February).

2. Tag the data (e.g., separate the pre-modification from
the post-modification records, and identify "tag' both
groups).

3. Sort (e.g., majoring on 2-digit syste code and minoring
on tagged codes).

4. Process (e.g., compute an analysis of varfance for each
system to determine the impact of the modification on
recovery time).

These four general purpose modules are preferahle to one special
program, Although a general purpose program could be written, since
it 13 easy to visualize a program using the four modules as subrou-
tines, we feel it 1s easier and often quicker to use the computer
operator as the "master program.' This attitude about modular design
fs adopted principally because the development of new modules expands
the capacity for analysis, whereas the development of a master control
program only adds a degree of elegance to the existing capacity.

The philosophy {s not without cost. Tt puts a much greater de-

mand on the user who must

a, know what {s in the data;

b. know what the programs can do with the data;




2.

¢. be able to visualize the compatible combination of a and
b .hat will yield the information he desires;

d. be able to provide the machine operator with the proce-

dures necessary to link the program modules together
to achieve meaningful output.

Because much analysis {s a kind of creative exploration, it is
desirable that the analyst, the programmer, and the machine operator
work together much more closely than is traditional.. Often the pro-
cedures are developed by mutual discus=sion; hence, comptroller person-
nel play an active role in obtaining the end products. The most re-
sponsive system, of course, is one where the analyst functions as his
own programmer and machine operator. Such a system is practically
obtained only by synergic behavior.

It 18 to the creative user that we direct our Memorandum. At
best, since most of his creative ability will come only with experi-
ence, we hope to assist him through the first trials. To help develop
the facility sketched above (particularly item c), we have included
several possible uses for each general purpose program. To follow the
subsequent exposition the user will not need to know programming, but
he will require some data processing vocabulary-~field, record, file,
alpha, alpha-numeric, gang-punching, and sorting by majors and minors--

as indicated in the example of a data file shown in Fig. 1.

SEX GRADE WEIGHT

BOY 7TH 120 8
BOY 7TH 123 8
BOY 8TH 127 8
BOY 8TH 121 8
BOY 8TH 129 8
GRL TTH ne 8
GRL 7TH 111 8
GRL 8TH 114 8
GRL 8TH 117 8

Fig. 1--A 9-record data file

A data file consieting of nine recccds {s shown. Each record

(a punched card in this instance) contains four fields: the sex,




grade, and weight of each individual, plus a gang-punched "8", The
records are sorted first by grade, putting the 7's in frent of the
8's. Then they are sortel by sex (i.e., major on srx and minor on
grades alsc expressed, sorted by grade within sex). Thke entries in

the sex field are alpha; grade, alpha-numeric; weight, numeric.




I1. THE ANALYSIS PACKAGE

The analysis package has two major divisions: the recovery
sequence that summarizes data by sortie, and the analysis programs
that process the data from the recovery sequence and the editing

sequence.

RECOVERY SEQUENCE

Before processing with the Clint program, which summarizes data
by sortie, the recovery sequence must preprocess the edit output data
(see Vol. I). This involves computing the elapsed times, converting
to Julian Calendar, and coding the sortie data for first, last, and
single sorties of the day. The recovery sequence uses the edit out-
put *ape of tail-number display data sorted by time within tail-

number sequence.

Major Col. 7% AN PS code
Cols. 35-38 N tail number
Cols. 11-12 N month
Cols. 9-10 N day
Cols. 13-16 N hour-minute
Col. 80 AN  card code
Minor Cols. 73-78 AN report number

Because the recovery sequence requires only the Col. 80«0, =2
and =3 records (the maintenance, scrtie and status records), the in-
put can be restricted to reduce the processing time. The speclal

CET output tape Tl {s used for this purpose. The sequence irvolves

four programs used in the following order:

1. Compute Flapsed Time (CET} adds the elapsed time and Julian
day to each record, and splits the data into two groups--
the sortie records and all other data.

2. Single, First, and Last (S/F/1) combines the two records
that result from sorties flown across midnight, and makes

the first, last, and single sorties of the day determina-
tions for each aircraft.

3. Recombine merges the sortie data output from step 2 with
the non-sortie data output from step 1. Recombine also
eliminates duplicate records and adds a dummy sortie record
(that the Clint progrem may require) at the end of each tall-
number subset.




-5~

4. Clint summarizes the data bty sortie.

These four programs ar= described in detail below.

Compute Elapsed Time (CET)

The Compute Elapsed Time program is a general purpose program

that computes the elapsed times of edited data (Oxnard formats des-

cribed in Volume I), and converts the Gregorian start time to the

.

Julian dates that Clint requires. Some formats, like the comments

and sortie deviations, for example, do not include atop times; when
the computer senses such cards, it omits the elapsed time computations.
CET can also be used as a general purpose record selector. It may be
used to select and punch all the data of a given card type by punch-
ing the desired card code from Col. 80 of the data record into Col. 3
of the program control card (format C13). If tape input is used,

punch the tape count in Cols. 1-2. See Fig. 2 for the CET program
setup. Recovery sequence processing requires sorting in the flight-
line display sequence.

For general processing control, switch action {8 as follows:

Switches 1/0 and A are always 'on".

Switch B--""on" for card input.
"off" for no tape output.

Switch C--""on" for tape output (on unit 2).
"off" for no tape output.

Switch D--"on" to punch cnly the card format selected by the
inpt control card.
"off" to punch all cards

Switch F--""on’ to eliminale sortie carde {rom output. This
special setting is umed for the recoverv seguence;
the sortie cards are punched, processed, and re-
cosbined with the data. This esetting provides a
sortie free file to combine with the processed
sortie cards.

"off", all ocutput {s written on the output tape.

Switches G and E--Not used.

When CET {s used as a part of the recovery sequence, the follow-

ing procedurea sars Lsed.




TAPE INPUT/DATA SELECT
CONTROL CARD

A
A
y by
Y e
—

—_——
—
—_

Y —
y am

COMPUTE ELAPSED Timé (CET) Rt ———— Format C13

ORRCT POGRAM

(RT003)

Fig. 2 -- Compute elapsed time program setup

Punch a numeric "2" {n Col. 3 of the control card (format C1J})
to obtaf{: sortie card punch-out.

Switch B--''on"” for card input.
"of " for tape input (tall number displav tuipe).
The input tape must be mounted on unit 1.

" (X3

Switch C--"on" to write ocutput on unit I, and Switch F "on" te
elim{nate the scrtie carls from the output on unit 2.

Switch D--"or” to indicate that only selected cards ({.e.,

o

numeric 2" in Col. RO) are being punched.

The tape on unft 2, tape Tl, is saved for processing with Recorbine,

and the deck of sortie cards {s processed by Single, First and last.

Single, Firat and lLast (S/F/L)

S/F/Il. ¢ a special purpose program used onlv {n the recovery
sequence. It makes a single sortie card fror the pairs of sortie

cards resulting wvhen a flight crosses midnight. Takeoff time {s




taken from the first card of the pair, the touchdown from the seccad,

and the elapsed time is recomnuted. The program also determines and

tags by tail number the sequence of sorties flown each day. “ingle !

sorties are tagged "S", the last sorties of the day .re tagged "L".
All others are tagged '"F" for first. Sortie data must be sorted in
the tail number display sequence. Figure 3 ghows the S/F/i. program
setup.

Switches I/0 and A are set "on'". No other switches are used.

Recombine

Recombine 1s a special purpose program used only i{n the recovery
sequence. It elimi‘nates Jduplications, adds a dummy sortie card to
the end of each tail-number subset (the Clint program may need this),
and mergcs the sortie deck output by S/F/L with the non-sortie data
output by CET. Recombine has two inputs--the sortie data processed
by S/F/L and the sortie-free data output by CFT, {.e. tape Tl. Fig-

ure 4 shows the Recombine program setup.

"

Switches 1/0 and A are set ''on’.

Switches B through F--not used.

Switch G--"of f" prints duplicate records eliminated from file.

"on" eliminates printing.

CET's output tape, tape Tl, is mounted on unit 1, and a scratch tape is
mounted on unit 2. The object program {s followed by a control card
(format C9) containing the number of input tapes. The output tape from
Recombine, called the T. tape, i{s umed as input to the Clint program.

»
Clint

Except where necessary, the following discussion addresses Clint
as & single program, although 1t was necessary (- x. l{t the criginal

]

The prograes te named for Clint Seith wvho uses it extensively
in SAMSON, a saintenance-operations model. See T. . Smith, G. D.
Brown, " A. Mascn, K. Moulenbelt, and H. J. Shukiar, A User's
Manua. for SAMSQM II: The Support Availability Multi-System
Operations Model, The RAND Corporation, KM-4923-PR, Novemher 1967,
snd G. D. Brown, R. Moulennelt, and H. J. Shukiar, A Programmer ‘s
Guide to SAMSOM II, The RAND Corporation, RM-5235-FR, November 1967,
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/= CAR INWT ONLY —=

SINGLE /FIRST /LAST  (S/FANL)
SORTIE CARDS
OBJECT PROGRAM

(RTO04)

Fig. 3 -- S/¥/L sortie cards program setup

“w—e—Format C9

RECOMBINE
OBJECT PROGRAM

{RT005)

Fig. 4 -- Recombine program sctup




7044 package into two separate programs for the 1401, One program

computes the aircraft and svstem summaries, the other computes the
work-center summaries., C(Clint summarizes data by sortie, and provides
inputs for most of the analyses, For this reason, it is the most
important program in the analytical package. Accordingly, it is de-
scribed in much greater detall than the others.

Early in our efforts to develop computerized methods for analyz-
ing maintenance data, it became evident that we could make more mean-
ingful analyses by relating all information to the specific sortie.
The greatest advantage of gathering data by sortie is that it provides
two measures: the means (aborts, recovery times, break-rates, write-
up rates, etc.) and the variances (the distributions of the scores
around the means). Only by having both is it possible to make def-
inite statements such as "write-up rates have significantly increased
this month.”* The variance data enable us to test various write-up
rates and determine whether a true difference exists among them.

Data that can be gathered by the sortie fall into four major
categories:

1. Operational data. Who flew where on what kind of mission

with what kind of success?

2. Sortie (debrief) data. What tall number flew or aborted
at what time and what equipment malfunctions occurred?

3. Maintenance data. What resources were required (and for
how long) to recover the aircraft from the effects of the
sortie? Status, off-equipment and cannibalization data
are also included.

4, Supply data. What parts were provided or backordered to
make the recovery?
Currently, Clint only combines item 2 and the on-equipment portions
of item 3. This combination provides most of the data necessary to
determine the day-by-day functioning of the flight-line. (Volume III
describes the technique for combining all four data elements.)
The sortie summary of the aircraft is computed by dividing the

aircraft into a number of individual black boxes whose repair {is

*
A. Sweetland, Some Statistical Methods for Maintenance
Analysis, The RAND Corporation, RM-4443-PR, April 1966.
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ordered in time. This {s seen in the simplified display of Fig. 5.
The program sweeps through the data (ordered by time within tail num-
ber sequence) as illustrated. As the program encounters each new
sortie record, it outputs the summarized data of the previcus sortie,
and begins summarizing the data of the next sortie.

The computer keeps three kinds of records.

1. The aircraft record. This includes the 1ag until work first
starts, the length of the work, and the length of any work
interruptions (delays). Records are kept of a considerable
amount of associated information: Man-hours, unite. sortie
length, sortie type, etc. These are defined below.

2. The systems record. A similar accounting is kept for each
of the aircraft's major systems. Since it 1s desirable to
vary this list of systems from time to time, control is
provided through the use of syrtem tables (format M3). The
computer processes only data identified in the tables. For
example, the user may nct be interested in maintenance done

under support general system codes, so he eliminates the
codes from the tables.

3. The work center record. This keeps a record of each work
" center's actions, and is identical to the sysiem record.
Similarly, it is contrclled by reading in a table of work
centers (formr* Ml).
The aircraft record is always produced even if no action occurs. To
minimize data volume, however, the system and work center records are
output only when a maintenance action occurs. Had the data of Fig. 5
been processed, the result would have been one aircraft record sum-
marizing the complete recovery, one system record for the flight-
control system, and two work center records, one for the hydraulic
shop and one for the electrical shop.
Clint output (formats R1, R2 and R3) contains two types of data--
quantitative (e.g., man-hours) and categorical (e.g., sortie types).
The quantitative elements are described first. All times sre given

in hours and tenths of hours.

1. Lag time (Cols. 28-32). This is measured from touchdown.
For the aircraft record, lag time ends when maintenance
begina. System and work center lags end when work begine
on each specific system or by each specific work center.
In Fig. 5, lag time for the hydraulic shop begine at 1200
and ends at 1500 when that shop first begins work. Lag
for the electrical shop ends at 1300, as do the lags for
the aircraft and the flight-control systenm.
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12 13 14 15 16 17 SORTIE SYSTEM SHOP

FFFF FCF

2222 FLTCTL ELECT
2222 FLTCTL HYDRL

FFF FCF

Fig. 5 -- Functicnal check flight of an aircraft

(A functional check flight (FCF) touches down at 1200 hours. After a
lag lasting until 1300 hours, a two-man team from the electrical shop
works for an hour on the flight-control system. This is followed by

a delay until 1500. The hydraulic shop then works for an hour on the
same system. The aircraft then repeats the check flight.)

2. Delay time (Cols. 33-37). These are accumulations of
work Interruptions on each system and on each work center.
Recording is kept by aircraft (no work on any system is
being accomplished).

3. Net fix time (Cols. 38-42). This is the active ! x time
whea a maintenance data collection (MDC) record indicates
work is being accomplished.

4. Gross fix time (Cols. 43-47), For the aircraft record,
this is the time measured from touchdown to the end of
maintenance, By definition, gross fix time for the
aircraft record is the sum of lags, delays and net fix
times. For system and work center records, however,
gross fix time excludes lags.

5. Units produced (Cols. 58-60). These are defined by AFM
66-1. The measure is essentially a count of maintenance
actions., Each job having a definite beginning and end
(e.g., each repair job, each TOC, each bench check) is
assigned 1 unit of work.

6. Man-hours (Cols. 61-65). This accumulates man-hours
consumed in direct labor.

7. Sortie length, also referred to as flying hours (Cols.
66-68). This is measured from takeoff to ~hnrk-time
(engine shut-off) whenever possible, ra an from
takeoff to touchdown. Life begins at chock-.ime in
the world of maintenance.

o b e
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The following categorical items always appear on the records.

When used ag major or minorg (i.e., independent variablea), they

allow the user to compare information thus far discovered to effect

ajrcraft recovery and turnaround.

1.

PS code (Col. 1). Primary-secondary code. Most frequently
this 18 used to separate data by aircraft type or squadron,
but it has also been used to separate flights. This entry
is controlled by the tail-number table used in the edit
program and 1is a local option.

Card code (Col. 2). The aircraft (sortie) record is coded
7; the system 8; and the work center 9, These records arsz
referred to as the 7-, 8-, and 9-cards.

Tail-number (Cols. 03-06).

Date (Cols. 7-15). Year, month, dsy, hour and minute. Note
that the field defined by Cols. 1-15 is in the most fre-
quently used sorting sequence.

Take-off time conversion code (Col. 16). Depending on the
time constants in the program, take-off time may be recoded
as "A", "B", or "C" work shift--morning, afternoon or night,
etc, We are currently using "D" for day (0530-1730 hours)

" and "N" for night.

Sortie configuration, also called sortie type, contains the
type of sortie fiown (Cols. 17-19). Combat and firing range
codes generally describe the type, numbers, and locations of
ordnance carried.

P and H code (Col. 20). The program senses the MDC data for
the type of maintenance. If the code indicates that a peri-
odic, phased, or hourly inspection has taken place, a "P"

or "H" 1s shown. Because these inspections may take several
days, it is often desirable to exclude them for analyses
concerned with immediste turnaround capability.

SFL code (Col. 21). This code indicates whether the sortie
was the single, first, or last sortie of the day foir the
tail number appearing in Cols. 3-6. This code, particularly
when combined with the take-off time code, allows the user
to determine how scheduling affects recovery and turnaround.
Since scheduling affects recovery and turnaround more than
any other variable, the reader is encouraged to explore

this effect. See ECSUM section for suggestions.

NORS-G code (Col. 22). If a NORS-G (Not Operationally Ready
for Supply, Grounded) status card is sensed, the data are
tagged with a "G". It is often desirable to exclude these
data when computing turnaround capability.
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10. ASW code (Cols. 25-27). Entries here differ by card type.
The aircraft record (Col. 2=7) 1is blank in this field and
can be used for special identification. The system records
(Col. 2=8) contain the 2-digit work unit code (Cols. 23-24
only); the work center records (Col. 2=9) contain the werk
center in Cols. 23-27.

11, Identification (Cols. 69-80). Twelve characters are pro- ,
vided for run identification. It is particularly desirable f

to use this when several different kinds of runs are made
from the same data.

The ccding that appears in Cols. 17-19 (load configuration) is
not 8 fixed requirement. Any desired identification may be used,

depending on local needs: special exercises, flight crews, call
signs, unique missions, mission success-failure, released-nonreleased-
impounded aircraft, combat damage, and so on, These can all be made
part of the permanent record by minor changes in local coding requi-e-
ments. Although 3 characters seem like a limited number, using 24
alpha and 10 numeric provides for 40,000 combinations (334 power).
Several special features of Clint are described below. Mainte-
nance preceding the first sortie and following the last sortie that
each aircraft flies 1s excluded from the summaries; it is generally

v A M A T

not known whether these represent complete sets of data. Most peace-

time flying schedules, however, are completed before the end of the

month, and the aircraft are recovered immediately. The data for this

last recovery can be retrieved by using the dummy sortie records that i
Recombine provides. Switch action on Clint controls the use of the |

dummy sortie records.

Occasionally, the user wishes to omit data containing atypically % "
long recovery times. For example, an aircraft may stand in NORS-G j .

for several days before recovery can be completed. Such atypical data
can be eliminated by using the lag and delay constants entered on the
control card (format Cl). Lag and delay times are compared with these
constants; when the constants are exceeded, the record {s not produced.
The reader 1is urged to try using the constants of 999.9 hours (circa

6 weeks), select the long gross recoveries, and consult the flight-
line displays to see what {s happening. We discourage using small

constants until che analyst is familiar with maintenance practices.
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When Clint is output oa tape, the aircraft record (Col. 2=7)
also gives a complete recap of sysiem break-rates. Beginning in Col.
94 of the tape record, the program builds a table corresponding to
the table of system codes used; for instance, Col. 94=msystem 11,
95=gystem 12, etc. If the system requires maintenance, a numeric "l1"
is entered; if not, the column is left blank. The count of the "l's"
(called total write-ups) is recorded in Cols. 131-132. The aircraft
break code is in Col. 130, so that if any system requires maintenance,
record "1", otherwise ''Blank".

The concepts of write-ups and break-rates are only meaningful
when applied to unscheduled maintenance.* Our procedure has been to
include system codes 11-97 plus the postflight (system 03200) tc ob-
tain a complete recovery picture. Then, when computing break-rates
and write-up rates, the postflight actions are deleted by the switch
settings provided by both RECSUM and the Analysis of Variance programs
described below. Control of write-up computation is also provided by
the input table constructicon, as described below.

When aircraft status records are included, the program will sum-
marize the NORM (not operationally ready, maintenance) and NORS~G
entries. These data are useful when exploring the problem of inflateu
gross fix times, but we discourage their use unless the information is
needed by sortie, whick is rarely the case. Provision is made to get
a complete status analysis, as described in the section on Analysis
of Variance.

The following suggestions and comments are intended to help the
user during the frustratirg time when he is making his first learning
runs.

The most important thing tc remember is that processing and out-
put are controlled by the tables of work centers (format Ml) and work-
unit codes (format M3). Data that do not match both tables are not
processed, see below. Hence, when the tables do not include all the
work centers and work~unit codes contained in the input data, the

7-, 8-, and 9-card man-hour and unit summaries will not agree unless

*

Unscheduled maintenance is also referred to as recoveiy time,
get well time and time to OR. Output that includes all maintenance
actions (systems 01-97) {s called turnaround data.
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identical tables are used. During exploratory phases we suggest using
the Frequency Count program (described later) to get these tables.
Later, since this produces an awesome number of records, the reader
will wish to become more discriminating. To do this, he will need to
know the following program sequencing.

The program first senses for a legal work center code; that is,
the work center on the record exists in the work center tables.

Having found a legal code, the computer next tests for a legal system
code. Then it does the necessary calculations and bookkeeping for
both the work center and system codes, and updates the summary for

the aircraft record. Note that only when a legal work center and
system code is found, will there be an updating of the aircraft record.
This sequence can be used to limit output by excluding the unwanted
work center or system from the tables.

The table of 2-digit system codes also controls the break-rate
and write-up records appearing in Cols, 94-132 of the aircraft records.
Only systems punched '"1" in Col. 3 of the system tables are included
in the output. By convention, this is unscheduled maintenance
(system codes 110600-97000, plus postflight actions, system code 03200).
This output can be generated by switch action control.

Occasionally, it i{s necessary to explore the support general
codes beyond the 2-digit level. This 18 accomplished by recoding the
data. Assume one wishes to explore the uploading sequence. The
various system codes on the input records can be recoded: UM for up-
load, wmunitions; UT for upload tanks, pylons; UI for upload inspec-
tions and checks; and so on. These recoded data are combined with
the sortie records and processed by Clint. The system tables must
also include the special codes. When this information {s processed,
it generates a summary of the uploading sequence.

The MD<C, sortie, snd status data that Clint uses must have been
processed in the recovery sequence described using programs, CET,
S/F/L and Recombine. Data must be sorted by time within tail-number
sequence.

A control card (formst Cl) containing the lag and delay constanis

and run identification {s required. We suggest punching 9's in Cois.

< it «
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| TAPE INPUT CONTROL CARD

£
£

CLINT (GENERATE 7 AND 8 CARD)
OBXECT PROGRAM

(Cord Numbers 26-165) ; ~———Format C9
| TAME LOADING sTOPPER CARD
WORK CENTER TABLE
TWO-DIGIT SYSTEM TAME i) ———Format C4

! LAG/DELAY CONSTANT CARD

Y

CLINT (GENERATE 7 AND 8 CARD)

O8KCT PMROGRAM
(Card Numbers 1-25)

(xroo7) [

Fig. 6 -- Clint (generate 7 and 8 card) program setup

1-8 of this card as a standard procedure. The tables of systems
(format M3) and work centers (format Ml) must be inserted between
cards 17 and 18 of the Clint object deck since a program overlay is
necessary. Columns 72-75 of the object deck {dentify card series.
The tables must be sorted in ascending sequence by system or work
center, and must contain no duplicate records. The tables are fol-
lowed by a tahle loader stopper card (format (4) containing an 11-4-8
punch in Col. 80. A control card (formst (9) containing the count of
the number of input tapea is placed behind the object deck. See Figs.
6 and 7.

Clint requires the following switch actions:
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TAPE

INPUT

or

————CARD .-

| 1APE INPUT CONTROL CARD

f
£

OBXCT PROGRAM

—_— 9
(Cord Numbers 22-152) Format C

WORK CENTER TAMLE

TWO-DIGIT SYSTEM TABLE

LT /———Fovmel
CLINT (GENERATE 9 CARD)

OB XCT PROGRAM

(Cord Numbers 1-21) ————Formor C1

{RT008)

Fig. 7 -- Clint (generate 9 card) program setup

Switches I/0 and A are always "on”
Switch 3-~"on'" card {nput.

"off" tape fnput (tape Tl on unit 1}.

Switch C~-"on" to include all systems i{n the input table when

cowmputing the vari{ous data elements.
“off', the support general codes are tested and only
03200 1s used in the computaiions. That is, switch
C "off" produces the recovery dJata.

Switch D--""on" for card ocutput.

2 and ).

"off" for tape cutput (tap< on units
Switch E--""on” to use the dummv scortle record produced by

Recombine.

“"off", the dummy sortie record is skipped, thus
eliminating maintenance following the last scortie.
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The input tape is mounted on unit 1. Tape units 2 and 3 are
used to write output. The sortie records appear on tape unit 3
(format R1); the system vecord or work center records (formats R2 or

R3), depending on which program is used, sappear on tape unit 2.

THE ANALYSIS PROGRAMS

Recovery Summsry (RECSUM)

Most of our program development efforts have dealt with special
exercises. A major concern has been how to determine what happened
as quickly as possible: an exercise is, literally, an exercige with
unknowns. The Recovery Summary program (RECSUM) attempts to deal
with this problem by providing a complecte, readily comprehensible
summary cf afrcraft recovery and turnaround in a one-page general
summary with back-up pages containing detail, as {llustrated in Figs.
8 and 9.

RECSUM 1is a special purpose program in that it accepts only Clint
output. The program first produces a one-page pictorial and numerical
summary for each selected minor, followed by a8 one~page total data
summary for the major. The majors and minors are the analyst's op-
tion. For example, he can obtatn s summary of the 7-card recovery
data for each tail nuaber plus a summary for the entire squadron by
minoring on the rail number (Cols. 3-6) and mejoring on the PS code
(Col. i1). Using the 8 cards, the analyst can obtain a summary for
each system by minoring on Cols. 23-24 (system code) and majoring on
the card code. He can also select the data field he {s most interest-
ed {in--net or groas recovery. The computer then gives him & detajled
pictorial and numerical summary of this field, plus a gross summary
of sll other data fields.

The details of the KECSUM output (see Fig. 9) are the following:

1. Major and minor fielda. These entries are the locations of

the record as indicated in the control card (fermatr CJ) and
show the low- and high-order positions of tha filelds.

2. Titles. The anslyst selecte these. In gereral, the titie
(format C10) should define the major and the :‘sta sample.
The two subtitle cards (formet C11) should describe tha
mnemonic codes appear’ng in the matrix.
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3. Ordinates. These are column counters.

4. Hours and P. This shows the percentage of the sgample termi-
nating by a certain hour; for example, 7 percent of the jobs
or recoveries are completed by one hour, 35 percent by two
hours, and so on. These percentages do not include the zero
duration data.

5. Average, sigma, M and other conventional statistical com-
putations. This line includes only the nonzero data.

6. Total sorties. A better term would be total records in
the sample, This entry includes the zero-duration data,
followed by the number of zero-duration records. Break-
rate is calculated by dividing the nonzero records by
the total record count.

7. Saturation index. This should be viewed with caution
when sample gize is less than thirty. It is computed by
dividing the total mau-hours by the total net fix time te
yield the average team size when active maintenance 1is
being accomplished.

8. Average turnaround for all sorties. This computation in-
cludes the zero-duration records. It is obtained by divid-
ing "Total" (shown on the right) by the record count.

9. Lags, delays and similar terms. These sre defined in the

discuasion of Clint,

This program has frequently been used to explore the effects of
daily flying schedules on aircraft recovery. In this instance the
minor is Col. 21 of the sortie cards that contain the S/F/L informa-
tion. As a genera] statement the F sorties indicate average mainte-~
nance time when it is known the aircraft will fly again that day.
Comparing F and L sorties gives a picture of how much deferred mainte-
nance is taking place. The S sorties show the behavicr when recovery
is done without pressure. The major field is generally the PS code
(Col. 1),

RECSUM also writes (on tape unit 2) a record of the summaries at
each break in the minor (see format Y). This can be used to obtain
summary data from all the 7-, 8-, and 9-cards by sorting on the appro-
priate entry, For example, a summary for each tail number within the
squadron could be obtained by majoring on the squadron (Col. 1) and
minoring on the tail number (Cols. 3-6). Similrrly, a summary for
each day could be obtained by minoring on the day (Cnls. 10-11).

G e O i ¥




When using RECSUM, data must be sorted by major and minor.

control

1‘
2.
3.
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FIELD LOCATOR CONTROL CARD

TITLE CARD
RIGHT HISTOGRAM HEADING

TITLE CARD

LEFT HISTOGRAM HEADING

TITLE CARD
REPORT HEADING

——Format C3

~———~Format C11

£
f
Y anmy
£
£

———me t Clt
RECOVERY HISTOGRAM RECSUM) ormat €

- Format C10
OBJECT PROGRAM

(RT009)

Fig. 10 -- Recovery histogram (RECSUM) program setup

Four
cards are required, as shown in Fig. 10.

A general title card (format C10).

A heading (title) for the left-hand histogram (format C11),.

A heading for the right-hand histogram (format Cil). Note
that the histogram entries may be any of the single-digit
codes appearing on the data cards: squadron, aircraft type,
sortie types, load configuration, shift.

The field control csrd (format C3). Note that numeric "'4"
1s always punched in Cols. 1, 4, 7, 10, 13, 16 and 19, and
numeric "2" is always punched in Col. 22. Field 13-15 of
the control card identifies the location of the character
that will appear in the left-hand histogram {S/F/L). Field

16~18 {dentifies the location of the right-hand character
(sortie type).




Fleld 19-21 defines the beginning of the data field on Clint
output that the program is to treat in detail. Field 22-24 defines '
the location of the asterisks that tag the item being detailed. The

relationship between these two fields is fixed and only the following
pairs are legal.

Cels. 19-21 Cels. 22-24
are Punched must be Punched

432 215

. e

Desired Item Detail
Lag

Delay 437 225
Net recovery 442 235
Gross recovery 447 245
Units 460 255
Man-hours 465 265
Sortie length 468 275
Write~ups 532 285
Breaks 530 295
NORS 452 304

NORM

457 315

Col, 80 of the field control card must have an 11-3-8 punch. Either

card or tape(s) input may be used.

Switches I/0 and A are always set "on".

Switch B--"on" for card input.
"off" for tape input (tape om unit 1).

Switches C and D--not used.

Switches E, F and G--"'on" eliminate, respectively, FCF data,
hourly and periodic data, and postflight data
(work unit code 03200).

Samples using the same title and control cards mav be stacked.

When Clint is output on tape, and the Col. 2=7 ig used for input
to RECSU™, the aircraft write-up and break rate summary will appear
on the output.

Because of the large amount of infermation provided and the many
ways of sorting Cilint output, it is impossible to make any complete
deacription of what can be gained by using the RECSUM program. As an
alternative, we suggest that the reader make three separate test runs.
The first, described previously, should use the sortie data (Col. 2=7),
majoring on the aircraft type and minoring on the S/F/L codes. The

second should use the system cards (Col. 2#8), majoring on the squadron
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and minoring on the system codes (Cols. 23-24), The third should use
the work center data (Col. 2#9), majoring on squadron and minoring on
the work centers (Cols. 23-27). 1If the reader compares the results

of these three runs, he will have a good idea of the kinds of recovery
summaries available, plus an understanding of how to use the program.
Further, if he processes the same data with the Analysis of Variance
program (which only involves changing control cards, since sorting

has been done), he will have made a big stride toward understanding

the very complex probl=»m of analyzing maintenance.

Analysis of Variance

*
This program computes a one-way analysis of variance. Because

it produces most of rhe parameters used to define quantitative data,
it has become the most general purpose of the programs. Most fre-
quently the program's input comes from Clint. Its next most common
input comes from the CET program. Input may be either cards or tape,
and samples may be stacked. Since most of the intermediate storage
is on tare instead of core, there is virtually no 1limit tc sample or
subsample size. There is alec no limit to the number of samples that
may be stacked.

The program prints the subsample means, n, raw score totals, and
variances, as well as a distribution of the subsamples (grouped in
half-gigma units from the sample means). Subsample means are tagged
with one, two, or three asterisks (0.05, 0.01, and 0.001 levels) in
terms of ''statistical distance” from the harmonic mean of the sample.
See Fig. 11. In addition, the program provides a number of special-
ized processings controlled by switch action. Zero data may be ex-
cluded from the computations. A constant such as sorties flown may
be read in for converting data counts to break-rates. Selected data
may be punched out to be used as input to the Chi-square program.

The general usefulness of the Analysis of Variance program is

greatly fac litated by the equivalent of a "variable read format"

*
See Sweetland, ibid., for a discussion of how Analysis of
Variance can be used for analyzing maintenance data.




(*~i(2,1303dsax ‘sistaacsr

€ X0 ‘7 ‘1T yiim pa23e3 aie Spunoq 3juadiad-1°Q pue ‘-1 ‘-c auy 9p¥sino sutfy| suvau ajdueg *101123 CXipurae
S3IT Yyats. Suote paindwod s ajdwes jeio3 2Yi JO uvaw sTUOWIRY IYl ‘ (1s33-3 pur sasurtie. ) suovirvindwo-
IE9TISTLLIS [PUOTIUIAUOD 3Y) O3 UOIITPPE U] "LPWSIS,, ‘SUOTIBRTAP pieruels Buypuodsaiiod pur saiods-7

2yl 3Juimoys ,--7,, £q paiedIpur se $a23sn1o> ewdis-3jiey uy padnoad aie su InqiIisip 9yl ,,sijuno) Louanbaig,,
1apuf} °*sasqunu a7dwes ayj spisaq urSiew 3337 2u3l Buole UIATE ST ISuas Ioulw Iyl ‘n==9p0)D,, ZJuimojioj]

Y812 1adan ayj ur umoys st asuas 1ofew 3ayy -*sye3jol pue *{s3uno> p10531) s,N ‘suedw ayl uo st syseydwa
3%uTs ‘suorieindwod [LITISTIEIS Ayl daourt ‘101ea3udd 110daa asodind (eiduald e se weidoad STIY3 TuIsn uaypM)

2oUPTIVA JO SISA|PUY *313

i

0iLae"y $963°6t s vy
58J8°¢ ZL9¢°190¢ NIm fa
8901°201 9¢Ie°60¢ 4 ceeLtLid LEELFEIY
4 I¥NOY wvia 41 38995 w13

FIMVIvvA 40 SISATeny

3341304 1IN IADEv B83/3Nvy @)Y44 Vied SUNI38 4 Ly
46 86 & S6 26 ¥ 1 IN3J83d IALIVINGY.
et » C) 2 bt  bM 53¢ el SIPaGL Igavs
seeIP°Y (3] EREY ] AY
eb1°2 ERE-F 1 AY
o921 ERT-E1AY
vmHis

--¢

FIINVINTA  SIVLIDL SLNTID AINIIDIus
(V41500 < "INIINTE IDINUNTLNIvE 33INTIHISNN - Jall X34 1IN - JS1OdBsxy

NOBANGIL. .10 ADNINDIES I 1davsS




-26-

14° $%°9
s1* L2 ]
X4 CE it
9 911
Qc” co*
0G* Q0*
20° L0°
1ct 10°
(74 8y
[4' st
oz* *9°1
€0° LARA
£c° LTaN ¥4
(244 Y8}
10° [¢14 0
1" [oF I
2z 99°821
I3 09 1wl
s 2u°$
16° e
[l A Z9°11
et €912
0° 06°2
*0* '] hd
00°* t0°
35VRIAY
SHVINA  IINTIwvA
NG - e
08y --S3lwLs

(*11
isn[ sieadde Ki13jua asutri-aseq Ayl
331e1 puURWAP) ajea-}El1q P Juipiaoad

*31d Ul pauUTIAP IIEB SATIIUI 13430 Ayl

‘u=-5311105,, UIMOI]0O] S1ij1 3aoqe

COﬂuWuDQEOU 33jel-)eal1q 9OUPTIRA JO mwm%~ﬁﬁ< -- 71 .w«h
f el 2t eyi-Z 1 1 4 2 te
[} (4% e ] 1 1 € LT4
£roet 6 9w 9 1 1 4 v
t°eee ool st ("2 [4 2 1 t € s *
lc 1 sei-¢* ]
<" 1 sely " 1
2 ¢ LE T8 A L 24
9 S v /5" $
ISa AR} < X4 A4 ¥ E4 1 01 0¢
] [ oo S° €1
2°86 Q¢ LT (%) [ 9]
1°¢! 4 “St v <
£76e? 1% &9 2 € ] 19 [ S |
9 eit A4 Ri° e 4 s o1 @
6t 1 0s°¢ 1
22y et e01°1 1 <1 te
#°€ot 1 L2 4 2 < i <
€ "L t 61° 114 t 1 1 1 4
[ 1¥4 h1 ] PTaa 1 1 8 € 2 1s
*TLEY (T4 0%t 1 s €l 2y ww
c*e2% 04 59°e 1 1 2 € -3} * &1
L A 1t 92y 1 1 t 9 (] Ls LS
L°¢Z N sbgtt . 1
$*32z 12 sto* 3 12
02 1Y ce0* s
1°9¢ 8°0¢ $°¢7 1°0¢ [ A} * o 1°w
LA 31 1wl L 44 LR 1°¢1 w9 .
19 L4 € z ¥ 2 -1
SIviGi N ShYIm SEINNO) ANIND 3N
||||| S~¥ S3IxI)ims 42219
--4002 AN 3

NMOILNWUENLISIA ADIN3IND204 F Vamy$

oLce}
oceel
n1get
te2e
Gy vl
o1t
osict
[*LARW]
ovlet?
o1t
19121
2512t
it
tetel
se12t
1 19021
29021
15021
*»e0¢1
tvo2!
ZenZt
[R 1T
“(0¢1
oz

ot

IX 44 ¥4

¢0-¢0

*, 7yeaxg,, iapun 3y311 3yl 031 umoys (PlEP 13]1UID HIOomM 10}
4T peal aq Kew (3Unod> 91310S) Jul[-Iseq B ‘parisap JI)

--¢Z ) lewuvs
-=%¢ 3lears
~-4¢ 3Vaavs
-=22 4leavs
--12 3eawvs
~-0C 4Veumvs
~--b1 3leuvs
--21 3lemvs
--tl Ieavs
~=31 3V164vS
~=%1 Jleavs
-=%l Ileavs
=41 3Vamvs
~=21 IVeavs
-=tl 3Veavs
~-0t 3Veavs
-~ Jleavy
--%  3lemvs
-1 3lenvs
-9 Jleuvs
~=% 3leavs
~-% 3euvs
~=f  Jleavs
==¢ Ilesws
--1 1Yemvs
uits
--1
20 08vd

1Veavs

- SISAYYNY naiNi) paum -




-27-

defined by the control card; for example, no fixed field location is
required. Data records must, however, be identified by sample (major)
and subsample (minor). Further, all data are edited with the decimal
to the left of the first low-order position. The program edit assumes
that all input data have hours and tenths of hours, yards and tenths,
mach and tenths, for example. But whole numbers may be processed
without decimal place confusion by punching any legal character in
Col. 41 of the control card (format C2).

The program's versatility is constrained only by the user's
agility in mentally sorting data into major and minor categories.

For example, processing with a major on shop, a minor on action taken,
and computing on man-hours will yield, for each shop and each action
taken, the mean, totals, count, etc., enumerated. Majoring on shop
and minoring on month will yleld the beginning of trend e..luation.
Majoring or tail number and minoring on write-ups yields the beginning
of a sick bird i1solation. In the latter, turning switch D "off" will
produce a deck of input for the Chi-square program to obtain a more
vigorous definition of sick birds.

Alrcraft status is a typical summary that the Analysis of Vari-
ance program makes possible., Using program CET, select the status
data (Col. 80=3) output by the Fdit program (format Q). Sort majoring
on squadron (Col. 79) and minoring on status code (Col. 26). The
elapsed time data are located in Cols. 70-72 (in hours and tenths).
The result will be a status summary for each squadron.

In the examples cited, we have ignored the F-test computation
which tells us whether true differences exist among the means of the
subsamples (i.e. the program has been used only to summarize data).
In the following illustrations, the F-test is considered. The depend-
ent variable {s implied: man-hours, recc. ery time, write-up rate,
mission success, etc. The program can be used, for example, to deter-
mine the effects of the type of mission flown, the type of ordnance
carried, the work-shift that accomplished the maintenance, an exten-
sive engineering modification, a procedure revision, and combat flying

(compared with ZI flying). 1In all these comparisons, the F-test 1is
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INPUT
or

[_

f

Y
= —— CAAD——
= —
V=

—
| TITLE CARD (Optional)
1

TITLE CARD

™

ANALYSIS OF VARIANCE (ANOVA)
OVLECT MOGRAM

(R7012)

Fig. 13 -- Analysis of variance program setup

scrutinized to determine whether the different conditions are beyond
that expected by normal (random) variation.

Switch action is as follows:

" A1

Switches 1/0 and A are always '‘on".
Switch B--"on'" prints break average
"off" prints break-rate.

Switch C--"on" card input.
"off" tape input (mount input tape on unit 2).

Switch D--"on'" eiiminates punching
"of £ punches inputs to Chi-square (format X).

Switch E--"on" excludes zero data from computations.
"off" includes rero dats in computations.

Switch F--not used

Svitch G--""on'" terminates tape processing ({.e., end of job).
"off" no action.
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A scratch (work) tape must be mounted on unit 6 for all processing.
Prior to processing, data must be sorted by major and minor.

The program allows printing of three title cards (format C21). Refer

to forxzz® C2 for punching the fiel! locator control card. A printout

of the tape input data can be produced by punching the desired number

of pages to be printed in Cols. 6-7 of the control card (format C2).
To produce the break average or break-rate computations, the sortie

count must be punched in Cols. 1-4 of the control card,

Chi-Square

The Chi-square program is used to make statistical comparisons
among frequency data.* It computes Chi-square for both dichotomous
and non-dichotomous data, and computes an approximated probability
(alpha) level as well. To help isolate items causing non-homogeneity
of the data, each observed frequency is tested against its expected
frequency, If the test indicates an alpha level beyond 0.05, 0.01
or 0.001, it is appropriately tagged. The observed frequency means
are averaged to obtain an unweighted grand mean, converted to Z-scores,
and plotted as a distribution around the unweighted mean. This dis-
tribution is shown to the right of the Chi-square computations in
Fig. 14.

Since analyses frequently {nvolve computing a sequence of Chi-
squares, the program can process stacked samples. As with Analysis
of Variance, a change in the major field indicates a new sample. Un-
related samples, for instance those that differ in format, or those
that would not be subsummed under a given title, may be stacked by
using new title and control cards. The program senses Col. 80 to
determine whether the record is a title card (format Cl15) or control
card (format Cl16).

The program requires four items.

*
Se: Sweetland, ibid., on the use of Chi-square for analyzing
maintenance data,
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I, The base-line. This is used to compute the theoretical
frequencies. In maintenance analysis, the base-line data
are a count of the times an event was attempted. Most
frequently, this 3s & count of the sorties flown in each
category o. condition. Other base-line frequencies are
number of intercepts attempted, number of rounds fired,
number of target passes, and so on,

o

A A" A AN ¢ i

The observed frequency. This is generally a count of the
successes or fajlures. Typical are number of write-ups,
number of kills, number of dud bombs, number of aborts

or deviations, number of demands, and so on.

3. The category identification. “his is used only to display
the distributions. It is gene-3lly three characters, the
center character locating tve Z-score conversion. The
categories most frequently used will be tail numbers (last
three or four digits as may be nec¢ aary to identify air-
craft in the analveis), snrtie types and months (for trend
determination). It is best to pad out one- and two-char-
acter identifiers to three characters since the center
ctaracter functions as the Z-gcore locator.

4. The major sense. A change in this field initiates pro-
cessing of the next sample. Any fileld that idcntifies the
sample may be used. The major identifies the sample in
the printout, and aleo sorts the data. The major sense
i3 used vhen one title card is sppropriate to several
samples (see switch C settings). Notice that nc minor
sort 1s rejuired, although it is frequently helpful to
pre-sort by category identificatfon. It is also sometimes
helpful to pre-sort data by base-line {ovder by frequency
of exposure) or by observed frequency (order by frequency
of failure). The distributions of the means resulting
from these latter two pre-gorts may suggest possible non-
linear relationships between base--line and the cbserved
frequency.

The user vill quickly discover that the sampie units (n's) pro-
duced by the Analysis of Vs. fance program are often used as observed
frequencies for Chi-square computstions. To take advantsge of this,
the Analysis of Variance program has a switch action :hat produces
the Chi-square dats {nput deck; the user, however, must add the basec-
line dats. The tase-line is generally unknown when the anslysis of
variance 1s computed. The following sequence resolves this problem.

Aasume the analyst wants to measure the {mpact the sortie type
has on wystem -ecrvery and break-rates. First, using the 2-digit
aystem recovery file (forwmat Rl), he must run the Analysis of
Varisnce program ninoring on sortie tvpe and majoring on system

(Col. 2=8). This will produce the systex recovery analyses plus




a deck for the Chi-square computations. Next, using the aircraft re-

covery file (format R1l), he must determine the number of scrties flown

for eact type of mission, and punch this number into the appropriate
= cards of the Chi-square input deck.

Processing with Chi-square in this
manner would yield the system break-rates tested for non-hemogeneity.

¥ The user must remember that the methods differ for computing
£

Chi-square from dichotomous (break-rates and demand rates) and from

non-dichotomous data {write-up rates and units produced). The dichot-

omous method always includes computations based on the non-occurrence

frequencies; the non-dichotomous met:.od never includes these computa-
*
tions,

Switch action controls the inclusion of the non-occurrence
computations,

Set switch D "off” when computing dichotomcus data and
. "on" when computing non-dichotomous data.

Since the input data are derived, there is no direct data source

for the Chi-square program. More often than 1.)t, the input deck will

result from judicious selection of Analysis of Variance teating. Be-

cause the FREQ program described below is designed specifically to pro-

7ide frequency counts of c~~ ories, it is ideally suited to provide

inputs to the Chi-square prugram.
One or more title cards (format C15) may be used. When one
title is used, the computer senses for a change in the major field to
\ produce a summary.

If several titles are used, a separate format
card (format C16) must describe each sample.

Thus one can stack sev-
eral related samples behind a general title and control card, or can

also stack separate, nonrelated samples, each having its own title
and control card.

See Fig. 15 for the Chi-aquare program setup
The following switch acticis apply:

Switches 1/0 and A are always ''on'.
Switch B--""off" for card.
"opo'" for tape input; tape on unit 1.
Switch C-~"on" when only one title and control card are used.

"off" when each sample has Jts own title and control
card. When C 18 "off", data must be sorted by major.

Switch D--"on" when computing nonbincmial data.
“"off" when computing binomial data.

*
Ibid.
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——Format Clg

- Format C15
OB JECT PROGRAM

(R1013)

Fig. 15 -- Chi-square program setup

Frequency Counter (FREQ)

The Frequency Counter program (FRED) searches any field of un-
known and unsorted data, builds a table, and counts the frequency
entries in the field. For example, assume a deck of sortie deviation
data coded by type of deviation: GND-ground abort, AlR-afr abort,
BUD~buddy abort, and so on. The program determines not only which
codes occur in the field, but also how frequently they occur, as
shown in Fig. 16. The field may have as many as three separate sub-
fields--major, iatermediate and minor--located in separate parts of
the record. The sum of the columns of the three subfields must aot
exceed 12. The program starts with a "blank" table. As each record
1s read in, the computer asks "Do I have this code in my table?" If
not, it adds the new code.

FREQ is principally used to obtain rapid preliminary estimates

of an unknown phenomenon to serve as a basis for more formal

LR G s Aotinn rerr -
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THO-DIGIT SYSTEM COUNT -~ TAPE T2 oECk !

FIELOD 46- 47

01 3484 .321

03 1211 o111

02 64 «00

06 1394 .128

1 860 <080

23 122 <072

13 504 2066

1 448 <041

9 24 +002

51 99 2009

12 202 019

82 100 <009

4 ¢ .007

14 291 .027

06 52 <005

4 452 <023

or 8 <004

* 7 VS <006
’ i 52 181 <053
. 3 174 «0le
o 09 a1 <004
41 139 .013

4 139 013

2 120 01

173 » 003

49 19 <002

1 3 .000

a7 .7 «004

9 20 <002

03 1 000

12 21 002

61 2 <000

9% X .000

08 1 000

69 1 .000

RECDRDS - 10861

Fig. 16 -- Output sample of FREQ

(The low-and high-order positions of the field being scarched are shown to the
right of the word "FIELD". The field entries discovered by the program are given
in the left-hand column and the corresponding record counts in the middle. Total
record count is given to the right of "RECORDS" ., )




exploration. In this instance, the end~sample (asterisk) card can be

quite useful in establishing tentative samples, e.g., first week, sec-

ond week, third week, and so on. The program is also used to obtain é
observed frequencies for Chi-square computations. Other uses are to
obtain the following: the tables used by Clint (2-digit system and

work center), counts of sortie deviations, bench check actions, types

of sorties flown, and how-mal actions. Since most maintenance data

are nonquantitative (categorical), there is no shortage of opportuni-
ties to use the program.

Elther card or tape input may be used. 1f desired, the program
will generate a deck of cards (format Z) containing the code (Cols. 13
to 27) and the frequency of occurrence (Cols. 8 to 12), with one
code per card. This deck, reformatted, may be used as an input table
to the programs requiring it--the Error Edit and Clint.

In using FREQ, it 1s unnecessary to sort input data. 1In fact,

one main reason for writing this program is to avoid the need for
gorting. Frequency counts of sorted data may be obtained by using
analysis of variance.

Any number of samples may be stacked if card input is used, but

L Rt A Tl SP ¢

only 1f the same field is to be searched in all samples. The samples
must be separated by a card containing an [ i-4~8 punch in Col, 1
(format C19). All samples should be titled by punching the appropri-
ate descriptions in Cols. 19-79 of the control card (format Cl4).

The following switch actions apply:

Switches 1/0 and A are always 'on'".

Switch B--"on" for tape input; mount tape on unit ..
"off" for card input.

Switch C--"on" to punch a deck of table entries with associated ;
frequencies.

Switch E--"on" 1f a specific card code (Col. 80) 1is to be
selected.

Switch G--"on'" when last input tape has been processed.

| The remaining switches are always "off".

The control card locates the field or fields to be counted. The

high-order position of the major is punched in Cols. 1-3, the low-order
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FIELD LOCATOR CONTROL
AND TITLE CARD

Y o
A
f a——
y s
e
f -
Y i
=

FREQUENCY COUNTER (FREQ)

OBJECT PROGRAM

{RT006)

Fig. 17 -~ Frequency counter program setup

position in Cols. 4-6, The corresponding pcsitions of the inter-

mediate are punched in Cols. 7-9 and 10-12, respectively. The minor
positions are punched in Cols. 13-15 and 16-18. The field positions
must be preceded with zeros; blanks are unacceptable. If a specific
card type coded in Col. 80 is to be selected from a sample of mixed
formats, punch the desired card code in Col. 80 of thz contrcl card.

Columns 19-79 of the control card may be used as a title,

Correlation Matrix

The Correlation Matrix program handles a maximum of twelse vari-
ables, producing a matrix of Pearson Product-Moment correlaticns. The
program keeps count of data greater than zero and produces two sets of
meangs and standard deviations: one based on all of the records, and

the other based only on data greater than zero. These two sets show
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how missing data distort the correlations by calculating only on xy
pairs greater than zero.

Although there i1s no limit to sample size, we discourage the use
of samples greater than 500. When sample sizes exceed this, it is
better to break them into two or more random groups, and cross-
validate the results.

By switch option the program also provides a test for question-
able 'dependent" variable prediction by tagging those intercorrela-
tions of independent variables that are greater than the correlations
with the dependent variable. All twelve variables may be designated
as 'dependent."

The Correlation Matrix program requires a number of control cards

as shown in Fig. 18,

1. Title card (format Cl18). This must have a 0-3-8 punch in
Col. 1. The remaining columns may be used as a title.

2. Field designation cards (format Cl7). Up to twelve are
used. These locate the left- and right~hand boundaries
of the fields. Ope card is used for each variable.
Columns 1-2 contain the variable numbers 1 through 12
preceded by zeros. Column 3 is left blank. Columns 4-9
(6 digits) are used as titles for each field. These
titles are preferably right-adjusted if fawer than six
characters. Column 10 is left blank. Columns 11-13
locate the left-hand (high-order) position of the field.
Columns 14-16 locate the right-hand (low-order) position
of the field. Precede with zeros.

Al]l data are assumed rounded to one decimal place (e.g.,
hours and tenths, angles and tenths). When processing
whole numbers, circumvent this by punching any entry in
Col. 18 of the field definition cards; for example,
"SHIFT LEFT ONE POSITION". The program then shifts the
data one position to the left before processing.

3. A card with an 11-4-8 punch in Col. 1 (format C19)
terminates the loading of the field definition table,

4, 1If the test for questionable independent variables is
included, use a card with a 3-8 punch in Col. 1 (format
C20). in Cols. 2-3, 4-5, 6-7, etc., punch and precede
with zeros the number of the dependent variables to be
used; for example, a 03 punched in Cols. 2-3 indicates
that the data are to be tested against the third variable.
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- -_
| DEPENDENT VARIABLE SELECTOR
1 CARD (Optional)

M

I

VARIABLE LOCATOR CONTROL CARDS
(Maximum = 12)

J——-Fomal cr

/—Formm ci17

——— Format Ci8

TITLE CARD

Fr‘hm

CORRELATION MATRIX

OBJECT PROGRAM

(RTO14}

Fig. 18 -- Correlaticn matrix program setup

The following switch actions apply:

Switches I/0 and A are always "on'".
Switch B--"on" for card input.
Switch C--''on" for tape input. Tape on unit 1.

Switch E--"on'" omits zero (no entry) variables from calculations.

Switch G--""on" omits printout of dependent variable tests.

Deviation-Degradation (DEVDEG)

This is a special purpose program for listing the mission devia-

tion-degradation data from the 308 forms. The only data acceptable

are the form 308 edit outputs (format U).
Using CET, select the edited data bv punching "H" in Col. 3 of

the control card. Sort by deviation code.
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DEVIATION AND DEGRADATION
(DEVDEG) ANALYSIS

OBJECT PROGRAM

(RT016)

Fig. 20 -- Deviation-degradation program setup

Major Cols. 7-8 AN
Miror Col. 17 AN

If separation by system code {s desired, presort by system code (Coi.

46-50 AN). It 1s also possible to separate data by month, squadron

or tail number, and sc on, by post-sorting on the appropriate field.

No control cards are used, Switches I/0 and A are 'on" for

tape data, and switches I1/0, A, and B are "on" for card data.
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ITI, NEW DEVELOPMENTS

To this point, the text has described a fairl,; well developed
methodology. The techniques have been used in varivus sltuations over
a period of years, and the programs have heen continually modified
through these experiences. Hence, the system described thus far is
fairly well shaken down. For the Rapid Roger preject, however, we
investigated an area whe.2 we had little prior experience--that of
resource allocation, in which resources were defined as personnel,
equipment, and supply. This section describes several additions tn
the daily package for dealing with resource allocation problems. The
reader is cautioned that these are first trials, which themselves are

still being shaken down.

THE MANPOWER UTILTZATION SEQUENCE

Although the Manpower Utilization Sequence is a general purpose
program, we will first discuss {t as a special purpose program. The
sequence relates personnel utilization (direct, on-equipment labor)
"o sorties tlown. Utilization {s shown by shop across the 24-hour
p-riod. Three data elements are used and described below: maximum
number of personnel used, number of personnel available, and touch-
downs. Each element Is first displaved In both detatl and summary
form for each work center. ©n the last page for each work center,
the symmary data are repeated along with computations of utilfzation
rates. To simplify this description, {t {s assumed that the data are
selected for the roriod to be tested. Assume that one tape {8 used

each dav.

Manpower fgjl}zation

Place the following control card (format ©12) behind the Hourlwy

Frequency Accumulate (HFA) program.

Cols. 1-6 062066
Cols., 7-12 026026
Col. 79 N

Col. B0 0 numeric)

SR
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Mount the work center daily ‘‘splay tape on unit 1. Set switches 1/0,
A, B and C "on", and repeat for each day's tape. The program searches
each minute of the hour to find the number of men working each minute.
When the computer senses a change in the day or in the work center, it
produces a summary card for that work center day (format W). This
card contains entries showing the largest number of men used each hour.
Ths computer tests each minute of each hour and retains the largest
entry. The program alao accumulates the man-hours for the work center.
The output deck, identified by an "N" in Col. 80 (format W), is re-
tained for further processing.

Manpower Available

Place the following control card (format C13) behind the Compute
Elapsed Time program and mount the tail-number da{ly-display tape on
unit 1.

Cols. 1-3 OlE

Set I1/0, A and D "on", and repeat for each day's tape. The program
selects the manpower availability data (format W), and produces a
summary card showing the number of men availadle for each hour of each

work-center day. This deck, also retained, has an "E" in Col. 80.

Touchdown Counts

The las! summary needed is & car< for each dasy showing the number
of touchdowns for each hour of that day. Place the following control

card (format Cl11) behind the Compute Elapsed Time (CET) program.
Cols 1-3 012

Mount the tail number display tape on unit 1. Set switches 1/0, A and
D "on", and repeat for each day's tape. This will select the sorti.
cards.

Coabine the across-midnight cards uaing program S/F/L. To do
this, maintain the sorting integrity. Set switches 1/0 and A 'on'".
Save the output, destroy the input. Inspect the last day of this
sample and remove any cards containing 2400 {n Cols. 21-24. These
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are false touchdowns: the first record of the across-midnignht sortie !

"lands' at 2400 hours.

If the sorting integrity has been disrupted by removing the 24-

hour touchdowns, resort the deck.

tajor Cols. 11-12 N month
Minor Cols. 9-10 N day

Place a control car. (format C12) behind Howrly Frequency Accumulate,

as shown {n Fig. 21.

Cols. 1-6 009012
Cols. 7-12 t‘lark
Col. 79 1
Col. 80 2
Set switches 1/0, A and T "on'. The output {s the count of the land-

ings du. {ng each hour of the dav for each dav of the period (format W,

Col. 80wA). Destroy the input.

ivtilization Dispiay s 5

We now have three sets of records containing summaries for each
hour of the dav for each dav of the period:
1. The 24-hour manpower utilization reccrds showing the largest ’41_
number of men used hourly by each work center {(Col. B(0aN).

<. The 24-hour manpower availabilitv records showing the number

of personnel avaflable hourlv for assignment from work center
(Cel. BO=F).

}. The l4-hour touchdown records showing the hcourly potential
vemands on each work center (Col. BOwA).

4, If desired, the off-equipment man-hours mav be added to this

display by punching up & summarv card for each work center .
dav:
Cols. 1-5 work center 4
Cols. &-7 Jav

Cola. 8-9 month

Cols. 59-64 man-hours (in hours and tent™-hours)
Cel. 8O Y

These three Jecks, shown in Fig. 11, are comhined anid sorted

as

follows: By
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HOURLY FREQUENCY ACCUM/SELECT ———Format C12
(HFA)

OBJECT PROGRAM

{87010)

Fig., 21 -- Hourly frequency accumulate and select prograr setup

C——CARD INPUT ONLY ===

TITLE CARD \

WORK CENTER TABLE

Formot C5

——— Format M1

£
£
4

MANPOWER UTILIZATION

OB ECT PRROGRAM

{RTO11)

Fig. 22 -- Manpower utilization program sctup
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Mnfor Cols. 1-5 AN work center

Col. 80 A caxd type
1 Cols. 8-9 N month
Minor Cols. 6-7 N day

The deck is now ready to produce the final report, Flace the table of

legal work centers (format M1) b ind the Manpower Utilizatic~ program,

Follow this by the manpower utilization title card (format C5) and the

data sorted as indicated. Set switches I1/0 and A 'on'f

Manpower Matrix

The Manpower Matrix program, a simplified 1401 version of a 7044

program (see Sec. IV: Sequential Frequency Distributions), provides

another method of displaying summary data created by the Hourly

Frequency Accumulate/Select program. The sample Manpower Mattix print-

out used the same set of manpower utilization processed by the Manpower

Utilization program.
The manpower matrix printout was created by sorting the input file

to the Manpower Utilization program to select all cards with Col, 80=N,

The selected deck, Fig. 23, was preceded by a title card (format C5),

punched with the data range of the data included in the sample, placed

y o

£

s
£
/
y -
£

ﬁ:—cuo INFUT_ ONLY —— ’

F \lll

rrh”T\

J DATE/TITLE CAKRD

[i:.; = =

e T T T T I T

e Format C5

W’m

MANPOWER MATRIX

OBXCT PRUOGRAM

(R1018)

L

Fig. 23 -- Manpcver matrix program setup
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behind the Manpower Matrix program, and processed with switches I/0 and
A "on", The output for the complete sequence is shown in Figs. 24
through 28.

To this point, we have discussed the utilization sequence as a
special purpose manpower utilization analysis., The following describes
how 1t may be used as a general purpose sequence, Note that the Hourly
Frequency Accumulate program generates two kinds of data: ’1) touch-
down frequencies and (2) utili-ation-availability frequencies. The
first is characterized as a single time entry event (zero time-duration).
the second as a double time entry event (start and stop time), Note
further that all data in Oxnard formats fall into one of these two
categories, Therefore, all Oxnard formats can be converted to the W
format for similar analysis. This conversion is made possible by the
rrequency field selector control card (format C1l2) used with the Hourly
Frequency Accumulate program,

In format Cl¢, the location of the minor sense (work center in the
example) is punched in Cols., 1-6, A change in this field produces a
summary card, Had the program been used to summarize aircraft status,
the status code location (Col, 26) weuld have been used. The frequency
count location is punched in Cols, 7-12; this is generally team size
(Col, 26). If this field cn the control card is left blank, the fre-
quency count is automatically set to '"1"., The card code (Col. 80 of
the W format) desired is entered in Col. 79 of the control card, These
codes control the output sorting sequence; to correspond with the
previous s=guence, use only codes A, E, and N, which the Manpower
Utilization program senses. Column 80 of the control card shows the
Oxnard card code to be selected,

Before processing single-entry data such as sorties scheduled or
aborts, the records must be duplicated to reproduce the contents of
Cols. 9-16 in Cols., 17-24, This moves the time entries into the proper
field (touchdown time field) for processing through the touchdown
sequence, Thus the program makes it possible to display (singly or in
combination) any clock-~hour informaticn., The ACE utilization data are

the first logical candidates, Sorties scheduled versus sorties flown

are another. Delay codes related to sorties schedled and sorties
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flown might jrove ip7eresting.,  In short, the progrde can be ised to

i display any clock-hour data and thus can inspect the cbb and flow
across the 24 hours of the day, See also Sequential Frequency Distri-
butions, Sec¢, IV,

The Maupower Utilization Sequence was 1nitially developed to help
the base manager make a better hourly distributicn of his available
manpower. The first set of real-world output made it apparent that
the manpower sequence would be useful for addressing a much more pro-
found problem--that of personnel assignment, which concerns how many

o1 waat skill should be assigned te he wing

e

The first time the se-

quence was uscd in this area, it ur.overed a serious misdlignment be-
tween available and utilized personnel. Some work centers were seri-
ously undermanned and could mecet demands only by prolonged overtime.
Others were so grossly overmanned that there was concern over work-
force morale because of the inactivity,

Remember that experience with the sequence is limited., As yet,
thicre has been little chance to determine the relative importance of
Jite various clements of the analysis and, hence, little chance to
modify the scquence accoraingly, The tollowing {tems bear directly

on further explorations with the sequence,

i 1, Utilizatfon rates should be approached cautiously, They
can be quite helpful in resolving the shift assignment
problem--for example, matching the 24~hour distribution
of manpower avdilability with the 24~hour distrivation
of potential demands (touchdowns).

However, using them for the complex personnel assignment
probiem is another matter, How many men with waat skills
to assigr to the various work centers is a fuaction of
the tlving progran, The nature of the relationship is
not well understood, As far as utilization rates are
concerned, .t is certainly net linear. For certain,
adjusting udssignment to get 40-percent utilication in all
shivps is not a Jdesirable solution,

Z, Utilization rates may exceed 100 percent. This will occur
when overtime is required. Persistent ovcurrenee taodicates
tmproper shift assignment, I{nadequate manning or both,

3. Oft-cvquipment work must be inciuded in manpower assignment
considerations. The bench load of some shops, such as radar,
is often grodter than the flight-line load. And bench load
Is not dlwavs low priority work; some bench fixes Jwill be
priority I, as discussed below,




e o ooperccrend!l detanrtoons mast be oaaderstood, The poak
1. atiors are net tdentical to geraaas.  Utilrecations

retlect demands "smeothed out' by the soie cling nrocess,
Nute, too, that the average demand rdtes on the tinal
nage oive ne hint of the vdariance, This -hertoeming may

be partially circumvented by referring o the dail, s

detail listing procedure,

5. The program assumes that each work center has J-shift
manning, The average availability computations will
be affe ted where this Is not true.  Mote o oo tht
not all the availability data come from the dispatch
board in job controt. Special arrangements must be
made t obtaln tne avallability data for crew (hiels,
munitions. tank farm, eto,

AGE UTILIZATION

This is a special purpose program desigoed to show tlight-lioe
AGE utilization (both active dand standing). Initiaily, the plans
were to display this data like the manpower utilizdation displavs,
i.e., showing touchdewn patterns and availability juxtaposcd with
atilication, It quickly became apparent that AGE had unique (bhirde-
terissics that could de approached better by vonuentrating oun AGE
mdndgement .

Using prograr CET, sclect the vards containing an Foin doel, 85

(formar S). These dre sorted as tollows,

Md_?{\f Cols, bS~-bbH 1 AGE

Cols. 11-12 N month
Cols, 9-10 N ddv
Minor Cols, 13=ie6 N hour-minute

This deck {8 placed behind the AGE display program, d4s shows in Fig,
J9. No coatrel cavd is necessary, Switches [/0, A, and B are set
on' tor card innut.

The AGE display in Fig., 30 s> ws that o wiven pilece ©f vquipmen
mdav be used sever 'l times during 4 tix, Hence the utiiizaticon durva-
tions would probably best be represented by raking the first t.ome
spotted or used ds start time ond the last tioe used or removed as

the stop time. Until & prograr is available thet (ombines the AGE
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ABE DISFLAY

QRMCY FROGRAM

{R1015)

Fig., 2% -~ AGE display program setup

used on a fix, the "by tail-number utilization” can be cbserved by a

change in the sorting.

Major Cols, 65-66 N AGE code
v Cols, 11-12 N month
A Cols. 9-10 N day
Cols, 35~38 N aircraft tail-number
Miner Cols, 13-16 N hour-minute

AGE analysis is complicated because three kinds of AGE are used,

1. Dispatched AGE.

the flight-line.

"Owned" by the flight-line and used on

B 2. Nondispatch AGE, Carried from the work center and used
:3- on the flight-line,

3. Nondispatch AGE, Ured only by the work certer in the shop.

AGE analysis is ai:

compiicated because items range in cost from

several dollars to several hundred dellars, Our attempts to deal with

thegse factors were certainly far from satisfactory, They are offered

cnl  as a point of departure for designing a better system,
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Dollar value of AGE is determined from the base inventory list
that BEMO (Base Equipment Managemcnt Office) provides. Based on an
arbitrary decision, a list consisting only of items exceeding $1000
was selected, Two separate tables of AGE ccdes were constructed from
this list, cne for field maintenance (FMS) and one for armament and
electronics (A&E).

Flight-line AGE utilization was recorded by a special team of
data col’~ctors, using RR form 304, Be assured that this was costly;
it took 18 recorders to cover a wing of aircraft on a 24-hour opera-
tion., Although the data were excellent, the sampling had to be limited.

Bench AGE utilization was obtained by having the user enter the

AGE code and number of users in Block L of the AFTO 200 forms immedi-
ately under the phrase '"corrective action"; for example, 13/2 indicated
that the team size yielded the elapsed time, Although there was no
way to cross-check the bench utilization, the consensus of the Rapid
Roger uata collection group was that this method of collecting bench
AGE was unsatisfactory because of erratic recording,

Two more statements are possible. First, once AGE utilization
data are available, the list of items to monitor can be reduced. The
basic question is how many of a ¢iven type are required. Items needed
only once can be culled from the survey. Second, once the determina-
tion is made for frequently used items (need for more than one), un-
doubtedly some rewarding cost-effectiveness studies can be made in
which cost is measured in dollar value of the AGE inventory and effec-

tiveness is measured in speed of alrcraft turnaround.

"ON-EQUIPMENT'' BENCH REPAILR

At times, maintenance personnel remove an item from the aircraft,
take it immeaiately to the bench, fix it, and replace it on the air-
craft, As a result, *he item does not go turough conventional materiel
control channels in a priority IV status., Rather, the bench repair
becomes an integral part f priority I (on-equipment) action.

We discovered that we could include bench repair in the on-equipment
data bank by making some minor additions to the recording procedures:

enter the start and stop times on the AFTO 211 form (copy 1) along with
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the team size. These 7211'« are keypunched in form 300 format, using
code "B" in the work order prefix, edited and included in the data
bank., When discovered code "Z" identifies the bernch repair data, and
is used to avoid contaminating the K-97 deck, which includes the same
information on copies 3 and 4.

The priority I bench repair actions are also correlated with the
flight-line actions using the ETR (equipment temporarily removed)

delay code, The sequence of actions is the following:

1. Remove the item using the action taken "P" on the 300 form.
2. Start the delay on the 300 form using the ETR code,

3. Fix the item at the bench. Record start time, stop time,
team size, and actions taken on copy 1 of the 211.

4, Return te the aircraft and terminate the delay on the 300
form,

5, Install the item using action taken "Q'" on the 300 form,

Tuis entails a lot of recording. Were we to use it again, we would
probably use one line of the ETR delay and one line of the 300 form,
starting with the removal and ending with the irstallation for the

fix action.

e i oL SRR A
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IV. 7044 PROGRAMS NOT YET AVAILABLE FOR 1401

There are several 7044 programs that would be desirable inclu-
sions in the maintenance analysis package for bage-levzl management.
Unlike ‘he methods described in Sec. II1, these have ail bhzen used in
a number of different ssttings, and most cf the developmental problems

have been resolved. However, they have not yet been converted to the
1401.

SPLATTERGRAMS

By displaying the write-ups scrtie by sortie, the Splattergram
program gives a snapshot history of each aircraft. It cumputes the
write-up rates for each aircraft and prints them at the end of each
tail-number. Tail-number data are then accumulated for the squadron
and printed as squadron write-up rates on the last page of output.
These data are saved and used to obtain repeat write-up evaluations
as described below in the system repeat write-up analysis,

Because of interest in the Splattergrams, a number of variatioms
have been developed, particularly for use with debriefing forms. The
current display shown in Fig. 31 reads from top to bottom instead of
from left to right, as did the original. The top to bottom sequence
makes the program easier to adapt to a small computer, since the data
may be processed and printed a record at a time.

Although this program can be used to process the special tape
record output by Clint (containing the syetem break summaries by sor-
tie), ft will prove more useful for handling debriefing data, particu-
larly when the data include the "syatem not used" distinction as does
the 1-SAC-U82 data, for example. Note that the break-rates produced
using the special Aunalysis of Varience program are erroneous when the
data include systems not used on all sorties, and must be corrected
by using the data provided by the intermittently usad systems de-
briefing form. The Splattergrams provide asutomatically for this cor-

rection.
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SYSTEM REFEAT WRITE-UP ANALYSIS

Two RAND studies suggest the usefulness of being able to deter-
minz, by statistical methods, whether repeat write-ups are occurring
in nenrandom fashion.* These studies cluster write-ups by system
(e.g., a write-up on 'anding gear system) rather than by thc conven-
tional part write-up; however, the technique employed requires sample
slzes too great "o be c¢f practical use. To circumvent this, the fol-
lowing method was devised.

Civen a sample of 50 gorties, assume that the radar system is
written up 15 times. The proportion of write-ups (P= 15/50 = 0,30)
can be used to predict the theoretical number of times that a 1ite-
up would follow a write-up if only random effects were operating--
(0.30)(0.30) = 0.09. This reasoning can be extended to apply to all
pairs of events. Assume a write-up is coded "1" and nc write-up is
coded "0"; then when we sweep down through the Splattergram, we would
expect on the average that

"1“ would follow "1" (0.30)(0.30)(50)=4.50 times

"1" would follow "0" (0.30)(0.706)(50)=10.50 times

"0" would follow "1'" (0.70)(0.30}(50)=10,50 times

"0" would follow "0" (0.70)(0.70)(50)=24.50 times.

The numbers derived from the calculations can be used as theo-
retical frequencies (expected values) t- be compared with actual data
counts. This is done by the program. As 2ach new record is read {n,
it 18 compared with the previous record to determine whether 2 "1"
followed a "1", etc. The expected values are determined as described
and a Chi-square test is made, &8 1llustrated in Fig. 232.

To reduce meaningless output, the program suppresases the printing
of systems analyses that have no repea! Jrite-ups in the sample. ihe
7044 program combines the Splattergram and the Repeat Write-up Analy-
sis. and also accounts for the "system not used'" codes (such as used

in the 1-SAC-U82 data). In this instance, the repeat write-up analysis

.See W. H. McGlothlin and T. S. Donaldson, Trends in Alrcraft
Maintenance Requirements, The RAND Corporstion, RE-4049-PR, June 1964,
and A. F. Sweetland and T. S. Donaldson, Trende in F-10]1 Aircraft
Maintenance Requirements, The RAND Corporation, RM-4930-PR, April 1966.
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can come as quite a shock: the Splattergrams suggest that the systems
used only occasionally appear to be reasonably healthy. But the anal-
ysls program proves otherwise, This inevitably produces some hasty
reviewing of the Splattergrams with some reorientation of perception

on the "system not used" information.

WORK UNIT CODES ANALYSIS (5-DIGIT SUMMARIES)

The work unit code analysis summarizes on one page all the mean-
ingful information on form 300 records. The need for the summary
stems from several sources--most often from the desire to understand
the role that hardware plays in write-up and recovery rate phenomena.
The program builds a histogram of elapsed time distributions using
team-size to delineate the histogram, as shown in Fig. 33. As with
the other histograms, the percentage of jcbs completed by a given hour
is shrwn. The program determines the number and kinds of action taken,
when discovered, and how malfunction codes encountered in the data
sample. These counts are shown in order of descending frequency.
Abbreviated verbal definitions of the huw malfunction codes are in-
cluded in the output. In addition to the usual computetions--counts,
totals, and means--the break-rate {s also computed by reading in the
sortie count or other appropriate base-line,

To avoid excessive ana useless output, some rational basis is
needed for selecting the work unit codes to process. Otherwise, the
typical data sample of form 300 records will contain 600-1000 dif-
ferent work unit cudes resulting in 600-1000 pages of output. As a
first approximation of what to select, use program FREQ (see Sec. II)
to obtain frequency counts of the work unit codes, and select only
those codes that occur frequently enough to yield meani: "ul distr]-
butions.

This program assumes that the across-midnight records have been
combined into one record or else eliminated. Data should first be
teste. for presence of stop times of 2400 and start times of 000l

which would {ndicdate¢ non-combined records.

|
!
|
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SICK BIRD ANALYSIS

Maintenance management always want: o know if they have any
aberrant aircraft in their system. The sick bird program attempts to
provide this information.

In general, aircraft problems show in the break-rate data before
they show in the recovery data. The sick bird isolation determines
whether individual tail-numbers show atypical write-up rates based on
the number of sortiecs flown by o“taining the sortie and write-up
counts for each aircraft and, using Chi-square, testing for non-homo-
geneity. Although hours :flown has been used as a base-line for the
Chi-square test, current invesvigation indicates that sorties flown
is preferable, since hours flown can lead to erroneous conclusions.

Because most analyses are based on a month's flving, there are
sampling problems when the data are separated by aircraft. If the 2-
digit systems are used as a basis of calculation, the frequency counts
are often tcc low tc yield valid statistical determinations. And {f
the entire aircraft {s used, desirable detail {s lost. The sick bird
approach attempts to overcome this by fractioning the data at a level
between the aircraft and the 2-digit svstems. Most cften the write-
ups are accumulated {nto six categories: aircraft basic, propulsion
system, utilities, instrument-autopilct, :ommunicatiop-navigation, and
weapons,

Based on the particular TH5, the {nstrument-autopilet, communica-
tions-navigatic.as classifications are adjustad to give accumulations
that are logically and statistically meaningful. For example, with
simple aircraft they might all he combined !n one group. The pre-
procesaing program is adjusted to record the particular 2- or i-digix
system s that {t may be processed mppropriatelv. For example, the

2-digit systems

11000 Afrfraae

12000 Fuselage

13000 Landing gear
14000 Flight controls

sre all coded "1 as basic afrcraf:. While thia is golng on, the
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program is also accumulating several! suumaries for esch sircraft:
sovties flown, hours flown, man-hours utilized, write-ups, and telal
down time. Then rhese summaries are input to the Chi-squsre prograg
{see Fig. 34).

When the sick bird analysis indicates a prohlem, the next step in
diagnosis is to check the Splaitergrams to isnlate the problem by
syatem and by date. After that the daily displays are checked. If
further information is desired, the 781's in aircraft recordés and/or
the 992's in the varicus shops are scrutinized. The crew chief, of

course, will have much anecdotal material.

SEQUENTIAL FREQUENCY DISTRIBUTIONS

The Sequential Frequency Distribution program summarizes and
diasplayas events across 24-hour periods. Its inputs have the ssme for-
mat as those for the Manpower Utilization Summary, which are the fre-
quency counts for each hour of the day. The program creates a fre-
quency distribution for each hour and displays it vertically fo reveal
the ebb and flow cof daily events, as shown in Fig. 3%5. The display
also indicates the frequency and magnitude of unusual occurrences,
thus alerting management to the extremes rhat it can expect. This is
generally the first step in formulating pro edures for dealing with a
dilemma. The display is used extenslively in manpower and AGE utili-
zation analyses,.

Most processing needed to generate this display is contained in
the Manpower Utilizatiorn Sequence. This 1s a collection of summary
records of zero time duration events such as touchdowms, schedule
Jeviations, and other data that do not have both start- and stop-time
entries. The Hourly Frequency Accumulate program also produces summary
recorde for date having both start- and stop~time entries: manpower
utilized, AG. utilized, sorties flown, lags, delays, fix times, air-
craft statua, and so on. The Sequential Frequency Distribution pro-
grac. may display both types of data. For more detailed work-center
analysis, a special veraion of this program is used. Time zero is
set to touchdown time instead of midnight, thus orienting the summary
to sorties rather than to shifts.
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MULTIVARIATE METHODS

From time to time we have used several of the BIMD programs
written by the Department of Preventive Medicine and Publiic Health,
School of Medicine, UCLA. Two have proven quite useful--Multiple
Regression and Factor Analysis. Currently, we are testing several
multiple regression programs available for the 1401. Should one
prove suitable, it will be included in the program package. Thus far,

we have been unable to locate a Factor Analysis program adaptable for
the 1401,
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V. FURTHER PROGRAMMING NEEDS

Extensive analysis with the RAND/TAC system has revealed that
the greatest weakness of the maintenance package is in the area be-
tween the software the manufacturer provides (e.g., merging and sort-

ing routines) and the programs. The missing elements are extensions

of routines normelly described as PCAM actions--those concerned with i
selecting subsets of data, tagging data, relocating data fields, and
s0 on. The needs also include a2 simplified repcrt gemerator, since
most report generators require too much training to be used by those
with no programming experience. These needs are described in the

following sections.

REPORT GENERATOR

The program described now supplies a report generator so simple
that most people canm learn to use it in less than 15 minutes if they
understand simple sorting concepts--majors, intermediates, and minors.
Most of the material i1s in cont 1 card form, and is easy to learn

because the output is restricted to fixed field locations.

Major Cols. 1-15 [

Intermediate Cols. 16-30 i
Minor Cols. 31-45 e

Data Cols. 46-560

The analyst provides four or fewer control cards, using the Re-

port Generator Instruction Sheet as indicated in Fig. 36.

1. A general title card, which may be omitted.

2. A field identification (field header) card, which may be
omitted.

3. A fleld location card, which 1s mandatory. This locates the
low- and high-order positions of the major, intermediate and
minor control fields and the data. It is not necessary to
use all three control fields; any combination can be used.
The output will appear in the location defined. For example,
if a field location is given only for the intermediate, i.e.,
punched in Cols. 25-30 of the field location card, wizh blanks
in Cols. 10-15 (major location) and Cols. 40-55 (minor loca-
tion), only the intermediate field will be sensed and printed
and 1t will appear, right-justified, in Cols. 16-30 of the
output.




-70-

GIHINNGADY 20 OL OWVY) lu!u//l

o ad ) | g

(| e

STW1330 wnas [
$IWMI330 33wns []
STWId30 omi [
23vid w330 awo [

§011v307 @314 )
307 8102 ]

199YS UOTIONIISUT 103EI3USYH 110d3y -- 9¢ °*F14

"SOV3T A8 0303734 ONY OILSAFCY-LIHDIY 28 1SN NOIL1SO4 G314 WIGWO MOIK OWY RO Iy
‘O3ANIUG 39 TVIA TAMED ] ON ‘QILLING S§ wyd 1163 TW1236 M 43

G314 1IN0 38 AWK SOYD ¥WIOVIM eN10) oy 31 1340

|
i

waec w0

‘TOLIOY T4

T T

. | ! .
A se[istoclsr vy vﬁ: 33 @REE I T2 L 4 1

viva BON' ANVVIIreE LN

aws 3uu

(3.3 1343003 a » rireiCriZrliv] o

133IHS NOILONYISN! ¥OLVYINID 14043y




~71-

4. An edit mask card. This locates the decimal place which is
edited into the data field just before printing. 1If this
card .8 omitted, no editing transpires (the program assumes
the data are in whole numbers).

The desire to include this program in the package is entirely
defensive. The biggest constraint in any computer venture is program-
mer time, and the biggest time consumers are individuals who are naive
in data processing. %o we are attempting to relieve the programmer of
unnecessary work {the bulk of programming requests are for special
listings) and to begin simultanecusly to overcome some data processing
naiveté. Obviously, the individual who tries out various data combi-
nations before he contacts the programmer has a better chance of get-
ting a working program then the person who uses the programmer as a
loop in a sequence of trials and errors.

As visualized, the Report Generator program reproduces the field
location I~formation on page 1 of the output to facilitate cross~-
checking. Output includes record counts, totals and means. In addi-
tion, the summary data include both nonzero and total record counts,

a8 well as their correeponding means.

DATA SELECTING, TAGGING, AND REFORMATTING

Most projects and exercises reveal the need to handle data in a
new and different manner. Frequently, new files of information must
be added to the data bank or subsets of old files must be extracted
and processed in a different way. An example would be the need to
add the Forward Air Controllers report (or the Range Report Data) to
the Jata bank to determine whether any interrelationships occur.

The program we have in mind, shown in Fig. 37, accepts a set of
control cards such as shown below. Translated, the input block size
and record ‘ength is 1 and B0. The output record length is 1320 char-

acters long (& block of 10 recordm of 132 rharacters each).
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BLKIN 01X080
BLYOU 10X132

IF 080-080 EQ O

AND  011-012 GT 06

AND  (11-012 LT 20

PLUG 081-084 ABCD
MOVE 035-038 185-088
ouTP

IF 080-080 EQ 2
MOVE 002-005 085-088
ouTp

END

Two "{f-output" sets of conditicns (if-and) and commands (plug,
move and outputs) are used. The first tells the computer that 1if Col.
80 contains a zero and the contents of Cols. 11-12 are greater than
06 and less than 20, plug (tag) "ABCD" into Cols. 81-84 and move the
coantents of Ccls. 35-38 to Cols. 85-88. On sensing "OUTP", the com-
puter outputs the new recosd. If the conditions of the first "if-and"
set are not met, the computer moves to the next "{f-output' set and
tests: If Col. 80 contains a "2", Cols. 2-5 are moved to Cols., 85-88
and this record is output. TIf no conditions are met before sensing
the "END" card, a new record {s read and the sequence iterated. The
output tape can now be sorted on Cols. 85-8B8 and processed in the
usual manner.

The program thus allows the user to select anv subset or subsets
of data from a dat . bank consisting of mixed formats, tag each of
these in any manner desired, and move anv data fields into a common

format for serting and processing.
SELFCT DATA BY MATCHING FILES

Occasionally, there may be two files (tapes) ot records, one con-
taining the desired characteristics and the other containing matched
gets of data (desired) as well as a number of undesirahle records.
This would occur when we wished to select maintenance record« that
match a discrete set of operations records. Refore using, both tapes
are sorted on the appropriate fields. The reontrol cards would look

like those shown helow.




e

BLKIN 01X084
BLKOU 01X084

IF 018-019 EQ 023-024
AND  050-052 EQ 050-052
OUTP

END

Translated, the inputs are single records 84 characters long; the out-
puts are jdentical. The conditions and commands are translated as
follows. If the conteuts of Cols. 18-19 on tape unit 1 equal the con-
tents of Cols, 23-24 on unit 2, and also Cols. 50-52 of unit 1 equal
Cols. 50-52 of unit 2, the record on unit 2 is written on tape unit 3.
The ultimate program should be etle to handle match-selections of

greater complexity than that indicated by the example.

General Purpose List

When beginning an analysis, the analyst spends much time poring
over the queue sorts (which show the data pictorially) and a straight
listing of the data, record by record.* More often than not, he
wished to check blocks of data in the listing. A block is defined
here as all the data corit2ining a common element--a specific sortie,
tail number, mission type, etc. Theee data blocks are amazingly dif-
ficult to locate in the mass of output given on an 80-80 listing. We
would l1ike to be able to offer the computer the following.

BLKIN 10x84
BLKOU 1x84
SKIP 035-038 1
SKIP 001-001 3
END

The translation of input and output block size and record length
is ss bafore. If a change is sensed {n the contents of Cols. 35-38,
one space is skipped on the printout. Similarly, a change in Col. 1
would cause three spaces to de skipped. The data, of course, must be

sorted first on the fields tc be tested. As a general statement,

Y
This {8 g¢ erally referrad to as an 80-80 listing, although
record lengths often exceed B0 characters.




-75=

changes in the major field are assoclated with the SKIP 3 instruction,
intermediates with SKIP 2, ar minors with SKIP 1.

The Spread-Field List

The spread-field list provides a listing of each field isolated
from the adjacent one by blanks, thus easing the eyestrain of the
error editor. Thus the spread-field listing of the 300 form records

would appear as shown:

TAIL SU  DAMO B/W/C  RPINO
7444 FJ 1016 21231 145154
7444 FJ 1016 22312 145158 etc.
7444 FJ 1016 24311 14515¢C

etc.

Spreading the B0-80 listing so that it corresponds to the field
separation of *he record forms materially facilitates the cross-
checking process. The s;read-listings should be double-spaced so the
editor can enter his corrections (preferably in red) under each aber-
rant entry. Fach recording form requires a program. The field heads
should be fdentical or verv similar to the entries on the recordiog
forms, and should appear at the top of each page. (Note that with the
addition of the capability of printing title cards, the Select, Tag

and Reformat program could produce this.)

INTERSPERSED GANG-PUNCH FQUIVALFNT

There is one desirahle additfon to the package of software--the
computer equivalent of an interspersed gang-punch. This {s needed
when two different sets of data exist and entrfes from one set rust
be transcribed onto the records of another. Thus we might have a
multi le format record consf{ating of Op-Rep 4 record- and sortie de-
scription data and we wish to copy the target characteristic from the
(p-Rep & into a hlank field on the sortie data. Assume we have used
the Select, Tag and Reformat program and kave built & set of records

as shown below,




Op-Rep & 24542 (Jocated in Cols. 131-135%)
Sortie  (blank)
Sortie "

Op-Rep 4 24543
Op-Rep 4 24544
Sortie (blank)

The following control cards would be used:

BLKIN 10x138

RLKOU 10x138
GANG  131x135
END

The computer reads in records until it finds a non-blank entry in
Cols. 131-135., 1t stores rhis entry and ''gang-punches’ it into Cols.
131-135 of all subsequuat reccrds containing a blank {n Cols, 131-135.
On sensing a non-blank, it stores this new entry and continues. We
are not so optimistic as to feel that the final version of this pro-
gram would be so devoid of checks. 7Thus far, we have always had to
write a4 svecial program for the particular set of data involved since
the combination of records collected from dispara“e sources has been
neither simple, direct nor painiess. Ultimately, we feel that the
previous programs will be combined into one general purpose program
{possibly excepting the functiocn of selecting matching files).

Whether or not we vombine the prograis depends on the saving in through-
mit time, which {s determined by the trade-coff between input-cutput

time (Including tape rewind) and internal computing time.
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Appendix A

KEYPUNCH FORMATS AND LIST OF FORMS AVAILABLE FOR RAND/TAC SYSTEM

For the readc:'s convenience, this appendix lists the forms in-

cluded in Appendixes B through G of Volume I for the RAND/TAC system,

Also included in this appendix are the Keypunch Formats. i

Operations rorms

CD form 10l Sortie Debriefing

CD form 101 Debriefiry of Combat

CDh form 101 Degradation Factors During Flight to
and from Target

CD form 1ul Degradation Factors During Combat

Ch form 101 Combat Crewmembers' Comments and
Recommendations

CD form 101 BDA

CD iorm 102 Join: Services Anti-Aircraft Fire
Incident and Damage Report

CD torm 103 FAC Poststrike Debrief ng Checklist

Maintenance Forms

MIP form 305 test’

RR form 300 test Maintendance Date Collection Record i
RAND form 300 Maintenance Data Coilection Recvord

RAND form 302 Sorties Flown, Scheduled or Scrambled

RAND foram 303 Atrcratt Statas Summ v

RAND torm 305 Manpower Avaiiabil:

RAND form 36 AGE Utilization 3
RAND form 107 Mission Go f
RAND torm U8 Deviations-Degradat tons

RAND form 30 General Purpose [atormation Re ord

RAND torm 30D F-al

Supply Forms

€D form 303 Record of Cannibalizaticen

CDO fowm 0l (Parct A) Demand Register

CD form «0! (Part By Demand Register

CD feorm 402 Recerpt o v Canceliation Register i
CD form 403 NORS regisuci

Personnel Forms

Ch forn 200 Persoanel Data Workshee!

D form 20U Personnel Information Data

Ch form 202 Supervisoer's Information Data
€D form 204 Atrorew Experience Record
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Facilities Forms

Form F-1
Form F-2

Form
Form
Form
Form
Form
Form

o0~ WP

F-
F-
F-
F~
F-
F-

Keypunch Formats

Edit Program Input
Format A
Format
Format
Format
Format
Format
Format
Fornmat
Format

QM m T O

Ldit Program Output
Format .
Format
Format
Format
Format
Format
Format
Format
Format
Fcrmat
Format
Format

<cCH LDMOWZ X ®m S

Program Output Summary Cavds
Format W
Format X
Format Y
Format Z
Format AA

Program Control Cards
Format Cl
Format C2
Format C3
Format Cé4
Format C5

Airfield Facilities Survey--Monthly
Airfield Operations, Safety and Weather
Survey--Daily

Motor Pool Survey--Weekly

Electrical Power Generation Survey--Monthly
POL Facilities Survey--Monthly

Munitions Facilities Survey--Monthly

Supply Facilities Survey--Monthly
Maintenance Facilities Survey--Weekly

Debrief Summary

Form 300 (On-aircraft maintenance)
Scrtie~Scheduled and/or Flown
Status Card

Manpower Available

AGE Utilization

Mission Go

Deviation/Degradation

General Purpose Comment

Debrief Summary

On-Aircraft Mainterance
On-Aircraft Work Delay
Sortie Flown

Sortie Scheduled, Not Flown
Sortie Comment

Aircraft Status

Manpower Available

AGE Utilization

Mission Go
Daviation/Degradaticn Comment
Genexral Purpose Comment

24-hour Spread

Analvsis of Variance

RECSUM

Frequency Count

Oif-Equipment (AFTO 211) Manhour

Lag/Delay

Analysis of Variance

Alrcraft Histogram

1able Loading Stopper

Manpower Utilization Title Card
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Keypunch Instructions and Formats (Continued)

Program Control Cards (Continued)

Format C6 Edit Program Gangpunch Master Card
Tormat C7 Display Program Ddate Select
Format C8 Display Program Tape Output
Format C$ Tape Input
Format C10 General Title Card
Format C11 Histogram Title Card
Format Cl12 Field Selector
Format C13 Compute Elapsed Time Program--Code
Selector
Format Ci4 Frequency Count (FREQ) Field locator Card
Format C15 Chi-Square Title Card
Format Cl6 Chi-Square Field
Format C17 Correlation Field Designation
Format C1i8 Correlation General Title Car"
Format C19 Correlation Field Designation Table
Stopper Card
Format C20 Correlation Independent Variable Test :
Control Card %
Format C21 Analysis of Variance Header Card i
Master Tables §
Format Ml Work Center Master H
Format M2 Tail Number Master §
Format M3 2-Digit System Table -
Format M4 Edit Program AGE Table :
i
Clint Program Summary Records :
Format Rl Alrcraft
Format R2 2-Digit System
Form¢ R3 Work Center

Combat Dragon Card Form 101 Operations Cards

Format CD1 Sortie Debriefing

Format CD2 Debriefing of Combat

Format CD3 En Route Degradation Factors

Format CD&4 Degradation Factors on Target

Format CD5 Flight Crew Comments and
Recommendations

Format CD6 BDA

Format CD7 Battle Damage Assessment Remarks

Combat Dragon Supply Edit Output Cards

Format CD8 Demands, Receipts and Cancellations
Format CD9 Cannibalization Tape Format
Format CD10 NORS

Combat Dragon Supply Edit Input Cards
Format CDI11 Demands, Receipts and Cancellations
Format CD12 Cannibalization Card Formut
Foxmat CD1) NORS
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